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Description 

: INTRODUCTION 
5 Technical Field 

[0001] Genetic modification of plant material is provided for seed specific transcription. Production of endogenous 
products may be modulated or new capabilities provided. . 

10 Background 

. [0002] The primary emphasis in genetic modification has been directed to prokaryotes and mammalian cells. For a 
variety of reasons plants have proven more intransigent than other eukaryotic cells In the ability to genetically manip- 
ulate the plants. In part, this has been the result of the different goals Involved, since for the most part plant modification 
15 has been directed to modifying the entire plant or a particular plant part in a live plant, as distinct from modifying cells 
In culture. 

[0003] For many applications, It will be desirable to provide for transcription In a particular plant part or at a particular 
time in the growth cycle of the plant Toward this end, there Is a substantial interest In identifying endogenous plant 
... products whose transcription or expression are regulated in a manner of interest In Identifying such products, one 
20 must first look for products which appear at a particular time in the cell growth cycle or In a particular plant part, dem- 
onstrate Its absence at other times or In other parts, identify nucleic acid sequences associated with the product and 
then identify the sequence in the genome of the plant in order to obtain the 5'-untran slated sequence associated with 
transcription. This requires substantial investigation In first identifying the particular sequence, followed by establishing 
that it Is the correct sequence and isolating the desired transcriptional regulatory region. One must then prepare ap- 
. 25 propriate constructs, followed by demonstration that the constructs are efficacious in the desired manner. 

[0004] Identifying such sequences Is a challenging project subject to substantial pitfalls and uncertainty. There Is, 
however, substantial Interest In being able to genetically modify plants, which Justifies the substantial expenditures and 
efforts in identifying transcriptional sequences and manipulating them to determine their utility. 

so Relevant Literature 

[0005] Crouch et al.. In: Molecular Form and Function of the Plant Genome, eds van Vloten-Dotlng, Groot and Hall, 
Plenum Publishing Corp. 1985, pp 555-566; Crouch and Sussex, Planta (1981) 153:64-74; Crouch etal., J. Mol. Appl. 
Genet. (1983) 2:273-283; and Simon et al., Plant Molecular Biology (1985) 5: 1 91 -201 , describe various aspects of 

35 Brassica napus storage proteins. Beachy et al., EMBO J. (1 985) 4:3047-3053; Sengupta-Gopalan et al., Proc. Natl. 
Acad. Sci. USA (1 985) 82:3320-3324; Greenwood and Chrispeels, Plant Physiol. (1 985) 79:65-71 and Chen et al., 
Proc. Natl. Acad. Scl USA (1986) 83:8560-8564 describe studies concerned with seed storage proteins and genetic 
manipulation. Eckes etal., Mol. Gen. Genet (1986) 205:14-22 and Ruhr et al., Science (1986) 232:1 106-11 12 describe 
the genetic manipulation of light inducible plant genes. 

40 [0006] Sengupta-Gopalan et al (1985), PNAS USA, 82, pp. 3320-3324, describes expression of an entire heterolo- 
gous seed specific gene, phase oil n, in tobacco, under the regulatory control of the transcription initiation region which 
naturally provides for expression of that gene. 

[0007] EP-A-01 42924 (Agrigenetics Research Limited) describes a plasmld containing phaseolln 5* and 3' regulatory 
regions with a heterologous gene inserted between these regions. The aim and teaching presented by this document 
45 is to confer insects resistance by expressing the Bt protein In plants. 

[0008] Scofleld et al (1985), J. Cell Biochem. Suppl. 9c, abstract number 1695, discloses the isolation of genomic 
clones coding for napln. 

SUMMARY OF THE INVENTION 

50 

[0009] DNA constructs are provided which are employed in manipulating plant cells to provide for seed-specific 
transcription. Particularly, storage protein transcriptional regions are joined to other than the wild-type gene and intro- 
duced into plant genomes to provide for seed-specific transcription. The constructs provide for modulation of endog- 
enous products as well as production of heterologous products. 
55 [0010] In one aspect the present invention provides DNA constructs employing a napln transcriptional Initiation 
region to regulate expression of a DNA sequence of Interest 

[0011] In another aspect, the present invention provides methods of modifying the genotype of a plant to impart a 
desired characteristic to seed as distinct from other plant tissues by means of such a DNA construct, and growing the 
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plant to produce seed. 

[0012] In a further aspect, the present Invention provides DNA constructs employing a seed specific transcriptional 
Initiation region to regulate expression of an acyl carrier protein. 

[0013] In yet another aspect, the present Invention provides methods for modifying the genotype of a plant to Impart 
5 a desired characteristic to seed as distinct from other plant tissues using a seed specific transcriptional Initiation region 
to regulate expression of an acyl carrier protein, and growing the plant to produce seed. 

[0014] These aspects of the Invention as more particularly set forth in the appended claims, even though the following 
description may In places have a broader scope than the claims. 

10 DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

[0015] Novel DNA constructs are provided which allow for modification of transcription In seed, particularly In embryos 
during seed maturation. The DNA constructs comprise a regulated transcriptional initiation region associated with seed 
formation, preferably In association with embryogenesls and seed maturation. Of particular Interest are those tran- 

15 scrlptional initiation regions associated with storage proteins, such as napln, cructferin, p-conglyclnln, or the like. The 
transcriptional Initiation regions may be obtained from any convenient host, particularly plant hosts such as Brasslca. 
e.g. napus or campestris, soybean (Glycine max) , bean (Phaseolus vulgaris) , corn (Zea mays), cotton (Gossvplum 
sp.). saffiower (Carthamus tinctorlus) , tomato (Lycopersican esculentum) , and Cuphea species. 
[0016] Downstream from and under the transcriptional initiation regulation of the seed specific region will be a se- 

zo que nee of Interest which will provide for modification of the phenotype of the seed, by modulating the production of an 
endogenous product, as to amount, relative distribution, or the like, or production of a heterobgous expression product 
to provide for a novel function or product in the seed. The DNA construct will also provide for a termination region, so 
as to provide an expression cassette into which a gene may be introduced. Conveniently, transcriptional Initiation and 
termination regions may be provided separated In the direction of transcription by a linker or polylinker haying one or 

2S a plurality of restriction sites for insertion of the gene to be under the transcriptional regulation of the regulatory regions. 
Usually, the linker will have from 1 to 10, more usually from about 1 to 8, preferably from about 2 to 6 restriction sites. 
. Generally, the linker will be fewer than 100 bp, frequently fewer than 60 bp and generally at least about 5 bp. 
[0017] The transcriptional initiation region may be native or homologous to the host or foreign or heterologous to the 
host. By foreign is intended that the transcriptional Initiation region is not found in the wild-type host into. which the 

30 transcriptional initiation region Is introduced. 

[0018] Transcriptional initiation regions of particular interest are those associated with the Brasslca napus or camp- 
estris napln genes, acyl carrier proteins, genes that express from about day 7 to day 40 in seed, particularly having 
maximum expression from about day 10 to about day 20, where the expressed gene is not found in leaves, white the 
expressed product Is found in seed in high abundance. 

35 [0019] The transcriptional cassette will Include in the 5'-3' direction of transcription, a transcriptional and translation^ 
initiation region, a sequence of interest, and a transcriptional and translation^ termination region functional In plants. 
One or more lntrons may also be present. The DNA sequence may have any open reading frame encoding a peptide 
of interest, e.g. an enzyme, or a sequence complementary to a genomic sequence, where the genomic sequence may 
be an open reading frame, an intron, a non-coding leader sequence, or any other sequence where the complementary 

40 sequence will Inhibit transcription, messenger RNA processing, e.g. splicing, or translation. The DNA sequence of 
interest may be synthetic, naturally derived, or combinations thereof. Depending upon the nature of the DNA sequence 
of interest, it may be desirable to synthesize the sequence with plant preferred codons. The plant preferred codons 
may be determined from the codons of highest frequency In the proteins expressed In the largest amount In the particular 
plant species of Interest. 

45 [0020] In preparing the transcription cassette, the various DNA fragments may be manipulated, so as to provide for 
the DNA sequences in the proper orientation and, as appropriate, in the proper reading frame. Toward this end, adapters ; 
or linkers may be employed for joining the DNA fragments or other manipulations may be involved to provide for 
convenient restriction sites, removal of superfluous DNA, removal of restriction sites, or the like. For this purpose, In 
vitro mutagenesis, primer repair, restriction, annealing, resection, ligation, or the like may be employed, where Inser- 

50 tlons, deletions or substitutions, e.g. transitions and transversions, may be Involved. 

[0021] The termination region which is employed will be primarily one of convenience, since the termination regions 
appear to be relatively interchangeable. The termination region may be native with the transcriptional Initiation region, 
may be native with the DNA sequence of interest, or may be derived from another source. Convenient termination 
regions are available from the Ti-plasmld of A. tumefaciens, such as the octopine synthase and nopallne synthase 

55 termination regions. 

[0022] By appropriate manipulations, such as restriction, chewing back or filling In overhangs to provide blunt ends, 

ligation of linkers, or the like, complementary ends of the fragments can be provided for joining and ligation. 

[0023] In carrying out the various steps, cloning is employed, so as to amplify the amount of DNA and to allow for 
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analyzing the DNA to ensure that the operations have occurred in a proper manner. A wide variety of cloning vectors 
are available, where the cloning vector includes a replication system functional in E. con and a marker which allows 
for selection of the transformed cells. Illustrative vectors include pBR332, pUC series, M13mp series, pACYC184, etc. 
Thus, the sequence may be Inserted Into the vector at an appropriate restriction site(s), the resulting plasmid used to 
5 transform the E. coll host, the E. coll grown in an appropriate nutrient medium and the cells harvested and lysed and 
the plasmid recovered. Analysis may Involve sequence analysis, restriction analysis, electrophoresis, or the like. After . 
each manipulation the DNA sequence to be used in the final construct may be restricted and joined to the next sequence, 
where each of the partial constructs may be cloned In the same or different plasmlds. 

[0024] In addition to the transcription construct, depending upon the manner of Introduction of the transcription con- 
to struct Into the plant, other DNA sequences may be required. For example, when using the Ti- or Ri-plasmld for trans- 
formation of plant cells, as described below, at least the right border and frequently both the right a left borders of the 
T-DNA of the Ti-and Ri-plasmids will be Joined as flanking regions to the transcription construct. The use of T-DNA for 
transformation of plant cells has received extensive study and is amply described In EPA Serial No. 1 20,516, Hoekema, 
In: The Binary Plant Vector System", Offset-drukkerlJ Kanters B.V., Amsterdm, 1985, Chapter V, Fraley, et al., CnV 
18 Rev. Plant Sd. , 4:1 -46, and An et al., EMBOJ. (1 985) 4277-284. . 

[0025] Alternatively, to enhance integration into the plant genome, terminal repeats of transposons may be used as 
borders In conjunction with a transposase. In this situation, expression of the transposase should be Inducible, or the 
transposase Inactivated, so that once the transcription construct is integrated into the genome, it should be relatively 
. stably integrated and avoid hopping. 
20 . . [0026] The transcription construct will normally be Joined to a marker for selection In plant cells. Conveniently, the 
marker may be resistance to a biocide, particularly an antibiotic, such as kanamycln, G418, bleomycin, hygromycln, 
chloramphenicol, or the like. The particular marker employed will be one which will allow for selection of transformed 
cells as compared to cells lacking the DNA which has been introduced. 

[0027] A variety of techniques are available for the Introduction of CNA into a plant cell host. These techniques 
25 include transformation with Ti-DNA employing A. tumefaciens or A. rhlzogenes as the transforming agent, protoplast 
fusion, Injection, electroporation, etc. For transformation with Agrobacterium, plasmids can be prepared in E. coll which 
plasmlds contain DNA homologous with the Ti-plasmld, particularly T-DNA. The plasmid may or may not be capable 
of replication in Agrobacterium, that is, it may or may not have a broad spectrum prokaryotic replication system, e.g. 
RK290, depending in part upon whether the transcription construct is to be Integrated into the Ti-plasmid or be retained 
so on an Independent plasmid. By means of a helper plasmid, the transcription construct may be transferred to the A. 
tumefaciens and the resulting transformed organism used for transforming plant cells. 

[0028] Conveniently, explants may be cultivated with the A. tumefaciens or A. rhlzogenes to allow for transfer of the 
transcription construct to the plant cells, the plant cells dispersed in an appropriate selective medium for selection, 
grown to callus, shoots grown and plantlets regenerated from the shoots by growing In rooting medium. The Agrobac- 
35 terlum host will contain a plasmid having the vir genes necessary for transfer of the T-DNA to the plant cells and may 
or may not have T-DNA. For injection and electroporation, disarmed Ti-plasmids (lacking the tumor genes, particularly 
the T-DNA region) may be introduced into the plant cell. 

[0029] The constructs may be used In a variety of ways. Particularly, the constructs may be used to modify the fatty 
acid composition in seeds, that Is changing the ratio and/or amounts of the various fatty acids, as to length, unsaturation, 

40 or the like. Thus, the fatty acid composition may be varied, enhancing the fatty acids of from 10 to 14 carbon atoms 
as compared to the fatty acids of from 16 to 18 carbon atoms, increasing or decreasing fatty acids of from 20 to 24 
carbon atoms, providing for an enhanced proportion of fatty acids which are saturated or unsaturated, or the like. These 
results can be achieved by providing for reduction of expression of one or more endogenous products, particularly 
enzymes or cofactors, by producing a transcription product which is complementary to the transcription product of a 

45 native gene, so as to inhibit the maturation and/or expression of the transcription product, or providing for expression 
of a gene, either endogenous or exogenous, associated with fatty acid synthesis. Expression products associated with 
fatty acid synthesis include acyl carrier protein, thioesterase, acetyl transacylase, acetyl-coA carboxylasem, ketoacyl- 
synthases, malonyl transacylase, stearoyl-ACP desaturase, and other desaturase enzymes. 
[0030] Alternatively, one may wish to provide various products from other sources including mammals, such as blood 

50 factors, lymphokines, colony stimulating factors, Interferons, plasminogen activators, enzymes, e.g. superoxide dls- 
mutase, chymosin, etc., hormones, rat mammary thioesterase 2, phospholipid acyl desaturases Involved in the syn- 
thesis of cicosapentaenoic acid, human serum albumin. Another purpose Is to increase the level of seed proteins, 
particularly mutated seed proteins, having an improved amino acid distribution which would be better suited to the 
nutrient value of the seed. In this situation, one might provide for inhibition of the native seed protein by producing a 

55 complementary DNA sequence to the native coding region or non-coding region, where the complementary sequence 
would not efficiently hybridize to the mutated sequence, or Inactivate the native transcriptional capability. 
[0031] The cells which have been transformed may be grown into plants in accordance with conventional ways. See, 
for example, McCormicketal.. Plant Cell Reports (1986) 5:81 -84. These plants may then be grown, and either pollinated 
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with the same transformed strain or different strains, identifying the resulting hybrid having the desired phenotyplc 
characteristic. Two or more generations may be grown to ensure that the subject phenotyplc characteristic Is stably 
. maintained and Inherited and then seeds harvested to ensure the desired phenotype or other property has been 
achieved. 

5 [0032] As a host cell, any plant variety may be employed which provides a seed of interest Thus, for the most part, 
plants will be chosen where the seed is produced in high amounts or a seed specific product of interest Is Involved. 
Seeds of interest include the oil seeds, such as the Brasslca seeds, cotton seeds, soybean, safflower, sunflower, or . 
the like; grain seeds, e.g. wheat, barley, rice, clover, corn, or the like. 

[0033] Identifying useful transcriptional initiation regions may be achieved in a number of ways. Where the seed 
io protein has been or is isolated, it may be partially sequenced, so that a probe may be designed for identifying messenger 
RNA specific for seed. To further enhance the concentration of the messenger RNA specifically associated with seed, 
cDNA may be prepared and the cDNA subtracted with messenger RNA or cDNA from non-seed associated cells. The 
residual cDNA may then be used for probing the genome for complementary sequences, using an appropriate library . 
prepared from plant cells. Sequences which hybridize to the cDNA may then be Isolated, manipulated, and the 5'- 
is untranslated region associated with the coding region Isolated and used in expression constructs to Identify the tran- 
scriptional activity of the 5'-untranslated region. 

[0034] In some instances, the research effort may be further shortened by employing a probe directfy for screening 
a genomic library and identifying sequences which hybridize to the probe. The sequences will be manipulated as 
described above to identify 5'-u translated region. 

zo [0035] The expression constructs which are prepared employing the 5*-untranslated regions may be transformed 
into plant cells as described previously for determination of their ability to function with a heterologous structural gene 
(other than the wild- type open reading frame associated with the 5'-untranstated region) and the seed specificity. In 
this manner, specific sequences may be identified for use with sequences for seed specific transcription. Expression 
cassettes of particular interest include transcriptional initiation regions from napin genes, particularly Brasslca napln 

25 genes, more particularly Brassica napus or Brassica campestris genes, regulating structural genes associated with 
lipid production, particularly fatty acid production, including acyl carrier proteins, which may be endogenous or exog- 
enous to the particular plant, such as spinach acyl carrier protein, Brasslca acyl carrier protein, acyl carrier protein, 
either napus or campestris, Cuphea acyl carrier protein,, acetyl transacylase, malonyl transacylase, 0-ketoacyl syn- 
thases I and II, thioesterase, particularly thioesterase II, from plant, mammalian, or bacterial sources, for example rat 

30 thioesterase II, acyl ACP, or phospholipid acyl desatu rases. 

[0036] The following examples are offered by way of illustration and not by way of limitation. 

EXPERIMENTAL 

35 Materials and Methods 

Cloning Vectors 

[0037] Cloning vectors used include the pUC vectors, pUC8 and pUC9 (Vleira and Messing, Gene (1982) 19: 
40 259-268); pUC18 and pUC19 (Norrander et a!., Gene (1983) 26:101-106; Yanisch- Perron et al., Gene - (1985) 33: 
103-119), and analogous vectors exchanging chloramphenicol resistance (CAM) as a marker for the ampicillln resist- 
ance of the pUCplasmids described above (pUC-CAM [pUC12-Cm, pUC13-Cm] Buckley, D., Ph.D. Thesis, U.C.S.D., 
CA 1 985). The multiple cloning sites of pUC18 and pUC19 vectors were exchanged with those of pUC-CAM to create 
pCGN565 and pCGN566 which are CAM resistant. Also used were pUC118 and pUC119, which are respectively, 
*5 P UC1 8 and pUC1 9 with the intergenic region of M13, from an HgjAI site at 5465 to the Ahalll site at 5941 , inserted at 
the Ndel site of pUC. (Available from Vieira J. and Messing, J. Waksman Institute, Rutgers University, Rutgers, N J.) 

Materials 

so [0038] Terminal deoxynucleotide transferase (TDT), RNaseH, E. coll DNA polymerase, T4 kinase, and restriction 
enzymes were obtained from Bethesda Research Laboratories; E. col] DNA ligase was obtained from New England 
Biolabs; reverse transcriptase was obtained from Life Sciences, Inc.; isotopes were obtained from Amersham; X-gal 
was obtained from Bach em, Inc. Torrance, CA. 

55 
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Example I 
. Construction of a Napln Promoter 

5 [0039] There are 298 nuclotides upstream of the ATG start codon of the napln gene on the pgN1 clone, a 3.3 kb 
EcoRI fragment of B. napus genomic DNA containing a napin gene cloned into pUC8 (available from Marti Crouch, 
University of Indiana). pgN1 DNA was digested with Eco RI and Sstl and ligated to EcoRI/Sstl digested pCGN706. 
(pCGN706 Is an Xhol/Pstl fragment containing 3' and polyadenylatlon sequences of another napln cDNA clone pN2 
(Crouch et al., 1983 supra) cloned In pCGN566 at the Sail and Pstl sites.) The resulting clone pCGN707 was digested 

io with Sail and treated with the enzyme Bal31 to remove some of the coding region of the napin gene. The resulting 
resected DNA was digested with Smal after the Bal31 treatment and religated. One of the clones, pCGN71 3, selected 
by size, was subcloned by EcoRI and BamH) digestion into both EcoRt /Bam HI digested pEMBL18 (Dente et al., Nucleic 
Acids Res. (1983) 1±:1 645-1655) and pUC118 to give E418 and E4118 respectively. The extent of Bal31 digestion 
was conformed by Sanger dldeoxy sequencing of E418 template. The Bal31 deletion of the promoter region extended 

. is only to 57 nucleotides downstream of the start codon, thus containing the 5' end of the napln coding sequence and 
about 300 bp of the 5' non-coding region. E41 1 8 was tailored to delete all of the coding region of napin Including the 
ATG start codon by In vitro mutagenesis by the method of Zoller and Smith (Nucleic Acids Res . (1982) 10:6487-6500) 
using an oligonucleotide primer 5'-GATGTTTTGTATGTGGGCCCCTAGGAGATC-3\Screening for the appropriate mu« . 
. ■ tant was done by two transformations into E coll strain JM83 (Messing J., In: Recombinant DNA Technical Bulletin, 

20 NIH Publication No. 79-99, 2 No. 2, 1 979, pp 43-48) and Sma l digestion of putative transformants. The resulting napln 
promoter clone Is pCGN778 and contains 298 nucleotides from the Eco RI site of pgN1 to the A nucleotide Just before 
the ATG start codon of napln. The promoter region was subcloned into a chloramphenicol resistant background by 
digestion with Eco RI and Bam H I and ligation to EcoRI/ Bam HI digested pCGN565 to give pCGN779c. 

25 Extension of the Napln Promoter Clone 

[0040] pCGN779c contains only 298 nucleotides of potential 5'-regu!atory sequence. The napln promoter was ex- 
tended with a 1 .8 kb fragment found upstream of the 5'-EcoRI site on the original XBnNa clone. The -3.5 kb Xho l 
fragment of XBnNa (available from M. Crouch), which includes the napln region, was subcloned Into Sail-digested 
30 pUC119 to give pCGN930. A Hindi II site close to a 5' Xho l site was used to subclone the Hindlll/EcoRI fragment of 
pCGN930 into Hindlll/EcoRI digested Bluescript + (Vector Cloning Systems, San Diego, CA) to give pCGN942. An 
extended napln promoter was made by ligatlng pCGN779c digested with Eco RI and Pstl and pCGN942 digested with 
EcoRI and Pstl to make pCGN943. This promoter contains -2.1 kb of sequence upstream of the original ATG of the 
napin gene contained on XBnNa. A partial sequence of the promoter region Is shown in Figure 1. 

35 

Napln Cassettes 

[0041] The extended napln promoter and a napln 3'-regulatory region is combined to make a napln cassette for 
expressing genes seed-specifically. The napin 3-region used is from the plasmid pCGN1 924 containing theXh q l/ Eco RI 
40 fragment from pgN1 (Xho l site Is located 1 8 nucleotides from the stop codon of the napin gene) subcloned into EcoRI/ 
Sail digested pCGN565. Hindlll/Pstl digested pCGN943 and pCGN1924 are ligated to make the napin cassette 
PCGN744, with unique cloning sites Sma l, Sail, and Pstl for inserting genes. 

Construction of cDNA Library from Spinach Leaves 

45 

[0042] Total RNA was extracted from young spinach leaves in 4M guanidine thlocyanate buffer as described by 
Facciotti et al. (Biotechnology (1985) 3:241-246). Total RNA was subjected to oligo(dT)-cellulose column chromatog- 
raphy two times to yield poly(A) + RNA as described by Manlatls et al., (1 982) Molecular Cloning: A Laboratory Manual. 
Cold Spring Harbor Laboratory, New York. A cDNA library was constructed in pUC13-Cm aaccordlng to the method of 

50 Gubler and Hoffman, (Gene (1 983) 25:263-269) with slight modifications. RNasIn was omitted In the synthesis of first 
strand cDNA as it interfered with second strand synthesis if not completely removed, and dCTP was used to tail the 
vector DNA and dGTP to tail double-stranded cDNA Instead of the reverse as described In the paper. The annealed 
cDNA was transformed to competent E. coll JM83 (Messing (1979) supra) cells according to Hanahan (J. Mol. Biol. 
(1983) 166:557-580) and spread onto LB agar plates (Miller (1972) Experiments in Molecular Genetics. Cold Spring 

55. Harbor Laboratory, Cold Spring Harbor, New York) containing 50 ng/ml chloramphenicol and 0.005% X-Gal. 
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Identification of Spinach ACP-I cDNA 

[0043] A total of approximately 8000 cDNA clones were screened by performing Southern blots (Southern, J. Mol. 

Biol. (1975) 98:503) and dot blot (described below) hybridizations with clone analysis DNA from 40 pools representing 
5 200 cDNA clones each (see below). A 5' end labeled synthetic oligonucleotide (ACPP4) that Is at least 66% homologous 

with a 1 6 amino acid region of spinach ACP-I (5'<3ATGTCTTGAGCCTTGTCCTCATCCACATTGATACCAAACTCCTCt 

CTC-3 1 ) Is the complement to a DNA sequence that could encode the 16 amino acid peptide glu-glu-glu-phe-gry-lle- 

asn-val-asp-glu-asp-lys-ala-gln-asp-ile, residues 49-64 of spinach ACP-I (Kuo and Ohlrogge. Arch. Blochem. Blophys. 

(1984) 234290-296) and was used for an ACP probe. 
10 [0044] Clone analysis DNA for Southern and dot blot hybridizations was prepared as follows. Transformants were , 

transferred from agar plates to LB containing 50 ug/ml chloramphenicol In groups of ten clones per 10 ml media. 

Cultures were Incubated overnight in a 37°C shaking incubator and then diluted with an equal volume of media and 

allowed to grow for 5 more hours. Pools of 200 cDNA clones each were obtained by mixing contents of 20 samples. 

DNA was extracted from these cells as described by BIrnbolm and Poly (Nucleic Acids Res. (1979)7:1513-1523). DNA 
is was purified to enable digestion with restriction enzymes by extractions with phenol and chloroformTollowed by ethanol 

precipitation. DNA was resuspended in sterile, distilled water and 1 ug of each of the 40 pooled DNA samples was 

digested with EcoRI and Hindlll and electrophoresed through 0.7% agarose gels. DNA was transferred to nitrocellulose 

filters following the blot hybridization technique of Southern. 

[0045] ACPP4 was 5' end-labeled using y&P dATP and T4 kinase according to the manufacturer's specifications. 

20 Nitrocellulose filters from Southern blot transfer of clone analysis DNA were hybridized (24 hours, 42 °C) and washed 
according to Berent et al. (BloTechnlques (1985) 3:208-220). Dot blots of the same set of DNA pools were prepared 
by applying 1 ug of each DNA pool to nylon membrane filters in 0.5 M NaOH. These blots were hybridized with the 
probe for 24 hours at 42°C in 50% formamide/1% SDS/1 M NaCL, and washed at room temperature in 2X SSC/0.1% 
SDS (1 X SSC - 0.1 5M NaCI; 0.01 5M Na citrate; SDS-sodium dodecylsulfate). DNA from the pool which was hybridized 

25 by the ACPP4 oligoprobe was transformed to JM83 cells and plated as above to yield Individual transformants. Dot 
blots of these Individual cDNA clones were prepared by applying DNA to nitrocellulose filters which were hybridized 
with the ACPP4 oligonucleotide probe and analyzed using the same conditions as for the Southern blots of pooled 
DNA samples. 

so Nucleotide Sequence Analysis 

[0046] The positive clone, pCG N 1 SOL, was analyzed by digestion with restriction enzymes and the following partial 
map was obtained. 



pUC13-Cm |-35-| 2U8 |-63-| 152 | -200 | 
*_ * 

III II I I 

H H N P Xh E SXBSmSaE 

P-PvuII Xh-Xhol 
X-Xbal ■ Sm- Stnal 
*-forroer PstI site destroyed 
with tailing 

**polylinker with available restriction sites Indicated 



[0047] The cDNA clone was subcloned Into pUC11 8 and pUC11 9 using standard laboratory techniques of restriction, 
ligation, transformation, and analysis (Manlatis et al., (1982) supra). Single-stranded DNA template was prepared and 
55 DNA sequence was determined using the Sanger dideoxy technique (Sanger et al., (1977) Proc. Nat. Acad. Scl. USA 
74:5463-5467). Sequence analysis was performed using a software package from Intelli-Genetlcs, Inc. 
[0048] pCGNISOL contains an (approximately) 700 bp cDNA insert including a stretch of A residues at the 3* terminus 
which represents the poly(A) tail of the mRNA. An ATG codon at position 61 is presumed to encode the MET translation 



' 7 



H -Hlnd lll N -Nco l 
E -EcoRI S-Sall 
B-Ba/BHI Ss-SstI 
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Initiation codon. This codon is the start of a 411 nucleotide open reading frame, of which, nucleotides 229-471 encode 
a protein whose amino acid sequence corresponds almost perfectly with the published amino acid sequence of ACP- 
I of Kuo and Ohlrogge supra as described previously. In addition to mature protein, the pCGMSOL also encodes a 
56 residue transit peptide sequence, as might be expected for a nuclear-encoded chloroplast protein. 

• 5 

Napin - ACP Construct 

[0049] pCGN796 was constructed by ligatlng pCGN1 SOL digested with Hlndlll /Bam HI, pUC8 digested with Hindi II 
and Bam HI and pUC118 digested with Bam HI. The ACP gene from pCGN796 was transferred into a chloramphenicol 

10 background by digestion with Bam HI and ligation with Bam HI digested pCGN565. The resulting pCGN1 902 was di- 
gested with EcoRI and Sma l and llgated to EcoRI /S ma I digested pUC118 to give pCGN1920. The ACP gene In 
pCGN1920 was digested at the Ncol site, filled in by treatment with the Klenow fragment, digested with Sma l and 
rellgated to form pCGN191 9. This eliminated the 5-coding sequences from the ACP gene and regenerated the ATG. 
This ACP gene was flanked with Pstl sites by digesting pCGN1919 with EcoRI, filling In the site with the Klenow 
■ 15 fragment and ligatlng a Pstl linker. This clone is called pCGN945. 

[0050] The ACP gene of pCGN945 was moved as a Bam HI/Pstl fragment to pUC1 18 digested with Bam HI and Pstl 
to create pCGN945a so that a Sma l site (provided by the pUC118) would be at the 5'-end of the ACP sequences to 
facilitate cloning into the napin cassette pCGN944. pCGN945a digested with Sma l and Pstl was ligated to pCGN944 
. digested with Smal and Psti to produce the napin ACP cassette pCGN946. The napin ACP cassette was then trans- 

20 ferred Into the binary vector pCGN783 by cloning from the Hlndlll site to produce pCGN948. 

Construction of the Binary Vector pCGN783 

[0051] pCGN783 Is a binary plasmid containing the left and right T-DNA borders of A. tumefaclens (Barker etaL, 
25 Plant Mol. Biol. (1983) 2:335-350); the gentamicin resistance gene of pPHUI (Hlrsch et al., Plasmid - (1984), 12: 
139-141) the 35S promoter of cauliflower mosaic virus (CaMVHGardneretal., Nucleic Acids Res . (1981)9:2871-2890), 
. the kanamvcln resistance gene of Tn5 (Jorgenson et al., Infra and Wolff et at, ibid (1 985) 1 3:355-367) and the 3' region 
from transcript 7 of pTiA6 (Barker et al., supra (1983)). 

[0052] Toohtain the gentamicin resistance marker, the gentamicin resistance gene was Isolated from a 3.1 kbEcoRI- 
30 Pstl fragment of pPHUI and cloned Into pUC9 yielding pCGN549. The Hindlll-BamHI fragment containing the gen- 
tamicin resistance gene was substituted for the Hindlll-Bglll fragment of pCGN587 creating pCGN594. 
• [0053] pCGN587 was prepared as follows: The Hlndlll-Smal fragment of Tn5 containing the entire structural gene 
for APHII (Jorgenson et al., Mol. Gen. Genet. (1979) 177:65) was cloned Into pUC8 (Vielra and Messing, Gene (1982) 
19:259), converting the fragment into a HindUI-EcoRI fragment, since there is an Eco RI site immediately adjacent to 
35 the Sma l site. The Pstl-EcoRI fragment containing the 3'-portion of the APH II gene was then combined with an EcoRI- 
BamHI-Sall-Pstl linker into the EcoRI site of pUC7 (pCGN546W). Since this construct does not confer kanamycin 
resistance, kanamycin resistance was obtained by inserting the Bgjll-Pstl fragment of the APH II gene into the Bam HI- 
Pst l site (pCGN546X). This procedure reassembles the APH II gene, so that Eco sites flank the gene. An ATG codon 
was upstream from and out of reading frame with the ATG initiation codon of APH II. The undesired ATG was avoided 
40 by inserting a Sau3A-Pstl fragment from the 5'-end of APH II, which fragment lacks the superfluous ATG, Into the 
BamHI-Pstl site of pCGN546W to provide plasmid pCGN550. 

[0054] The Eco RI fragment containing the APH II gene was then cloned Into the unique EcoRI site of pCGN451, 

which contains an octoplne synthase cassette for expression, to provide pCGN552 (1ATG). 

[0055] pCGN451 includes an octoplne cassette which contains about 1 556 bp of the 5' non-coding region fused via 

45 an Eco RI linker to the 3" non-coding region of the octoplne synthase gene of pTiA6. The pTl coordinates are 1 1 ,207 to 
12,823 for the 3' region and 13,643 to 15,208 for the 5' region as defined by Barker et al.. Plant Mol. Biol. (1983) 2325. 
[0056] The 5' fragment was obtained as follows. A small subcloned fragment containing the 5' end of the coding 
region, as a BamHI-EcoRI fragment was cloned In pBR322 as plasmid pCGN407. The BamHI-EcoRI fragment has an 
Xmn l site In the coding region, while pBR322 has two Xmnl sites. pCGN407 was digested with Xmn l, resected with 

so Bal31 nuclease and EcoRI linkers added to the fragments. After Eco RI and Bam HI digestion, the fragments were size 
fractionated, the fractions cloned and sequenced. In one case, the entire coding region and 10 bp of the 5' non-translated 
sequences had been removed leaving the 5' non-translated region, the mRNA cap site and 1 6bp of the 5' non-translated 
region (to a Bam HI site) intact This small fragment was obtained by size fractionation on a 7% acrylamide gel and 
fragments approximately 130 bp long eluted. 

55 [0057] This size fractionated DNA was llgated Into M13mp9 and several clones sequenced and the sequence com- 
pared to the known sequence of the octoplne synthase gene. The M 1 3 construct was designated p14, which plasmid 
was digested with Bam HI and EcoRI to provide the small fragment which was ligated to a Xho l to Bam HI fragment 
containing upstream 5 sequences from pTiA6 (Garfinkel and Nester, J. Bacteriol. (1980) 144:732) and to an EcoRI to 
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Xhol fragment containing the 3' sequences. 

[0058] The resulting Xhol fragment was cloned into the Xho l site of a pUC8 derivative, designated pCGN426. This 
plasmid differs from pUC8 by having the sole Eco RI site filled in with DNA polymerase I, and having lost the Pst l and 
Hindlll site by nuclease contamination of Hindi restriction endonuclease, when a Xho l linker was inserted Into the 

5 unique Hindi site of pUC8. The resulting plasmid pCGN451 has a single Eco RI site for the insertion of protein coding 
sequences between the 5' non-coding region (which contains 1 ,550 bp of 5' non-transcribed sequence including the 
right border of the T-DNA, the mRNA cap site and 16 bp of 5' non-translated sequence) and the 3' region (which 
contains 267 bp of the coding region, the stop codon, 1 96 bp of 3' non-translated DNA, the polyA site and 1 ,153 bp of 
3' non-transcribed sequence). pCGN451 also provides the right T-DNA border 

w [0059] The resulting plasmid pCGN451 having the ocs 5' and the ocs 3' in the proper orientation was digested with 
EcoRI and the Eco RI fragment from pCGN551 containing the Intact kanamycin resistance gene inserted into the Eco RI 
site to provide pCGN552 having the kanamycin resistance gene in the proper orientation. 
[0060] This ocs/KAN gene was used to provide a selectable marker for the trans type binary vector pCGN587. 
[0061] The 5' portion of the engineered octoplne synthase promoter cassette consists of pTiA6 DNA from the Xho l 

is at bp 15208-13644 (Barker's numbering), which also contains the T-DNA boundary sequence (border) implicated In 
T-DNA transfer. In the plasmid pCGN587, the ocs/KAN gene from pCGN552 provides a selectable marker as well as 
the right border. The left boundary region was first cloned in M13mp9 as a Hindlll- Sma l piece (pCGN502) (base pairs 
602-2213) and redoned as a Kpnl-EcoRI fragment In pCGN565 to provide pCGN580. pCGN565 Is a cloning vector 
based on pUC8~Cm, but containing pUC18 linkers. pCGN580 was linearized with Bam HI and used to replace the 

zo smaller Bgjll fragment of pVCK102 (Knauf and Nester, Plasmid (1982) 8:45), creating pCGN585. By replacing the 
smaller Sail fragment of pCGN585 with the Xhol fragment from pCGN552 containing the ocs/KAN gene, pCGN587 
was obtained. 1 

[0062] The pCGN594 Hindlll- Bam HI region, which contains an 5 , -ocs-kanamycin-ocs-3' (ocs is octopine synthase 
with 5' designating the promoter region and 3' the terminator region, see U.S. application serial no. 775,923, filed 
25 September 13, 1985) fragment was replaced with the Hindlll- Bam HI polylinker region from pUC18, 

[0063] pCGN566 contains the EcoRI-Hindlil linker of pUC18 inserted into the EcoRI-HlndtH sites of pUC13-Cm. 
[0064] The Hindlll-Bgjll fragment of pNW31C-8,29-1 (Thorn as how et al., Cell (1980) J9:729) containing ORF1 and 
-2 of pTiA6 was subcloned into the Hindlll- Bam HI sites of pCGN566 producing pCGN703. 

[0065] The Sau3A fragment of pCGN703 containing the 3' region of transcript 7 (corresponding to bases 2396-2920 
30 of p71A6 (Barker et al., (1 983) supra) was sub-cloned into the Bam HI site of pUC1 8 producing pCGN709. The EcoR I- 
Sma l polylinker region of pCGN709 was substituted with the EcoRI -Sma l fragment of pCGN587, which contains the 
kanamycin resistance gene (APH3 -H) producing pCGN726. 

[0066] The EcoRI-Sall fragment of pCGN726 plus the Bglll-EcoRI fragment of pCGN734 were inserted Into the 
Bam HI-Sall site of pUC8-Cm producing pCGN738. pCGN726c is derived from pCGN738 by deleting the 900 bp EcoRI- 
35 EcoRI fragment. 

[0067] To construct pCGN1 67, the Ajyl fragment of CaMV (bp 71 44-7735) (Gardner et al., Nucl. Acid Res.- (1 981 ) 
9:2871-2888) was obtained by digestion with Aful and cloned into the Hindi site of M13mp7 (Messing et a]., Nucl. 
Acids Res. (1 981 ) 9:309-321 ) to create C614. An EcoRI digest of C614 produced the EcoRI fragment from C614 
containing the 35S promoter which was cloned Into the EcoRI slte-of pUC8 (Vieira and Messing, Gene (1 982) 19259) 
40 to produce pCGN 146. 

[0068] To trim the promoter region, the Bgjll site (bp 7670) was treated with Bgjll and resected with Bal31 and .. 
subsequently a Bgjll linker was attached to the Bal31 treated DNA to produce pCGN147. 

[0069] pCGN148a containing a promoter region, selectable marker (KAN with 2 ATG's) and 3* region, was prepared 
by digesting pCGN528 with Bgjll and inserting the Bam HI-Bglll promoter fragment from pCGN147. This fragment was 

*5 cloned into the Bgjll site of pCGN528 so that the Bgjll site was proximal to the kanamycin gene of pCGN528. 

[0070] The shuttle vector used for this construct, pCGN528, was made as follows. pCGN525 was made by digesting 
a plasmid containing Tn5 which harbors a kanamycin gene (Jorgenson et al., Mol. Gen. Genet. 1979) 177:65) with 
Hindlll- Bam HI and inserting the Hindlll -Bam HI fragment containing the kanamycin gene into the Hindlll- Ba mHI sites 
In the tetracycline gene of pACYC184 (Chang and Cohen, J. Bacteriol. (1978) 134:1141-1156). pCGN526 was made 

so by Inserting the Bam HI fragment 1 9 of pTiA6 (Thomashow et al., Cell (1 980) 19:729-739), modified with Xhol linkers 
inserted into the Sma l site, into the Bam HI site of pCGN525. pCGN528 was obtained by deleting the small Xhol fragment 
from pCGN526 by digesting with Xho l and religatlng. 

[0071] pCGN149a was made by cloning the Bam HI-kanamycin gene fragment from pMB9KanXXI into the Bam HI 
site of pCGN 148a. 

55 [0072] pMB9KanXXI Is a pUC4K variant (Vieira and Messing, Gene (1982) 19:259-268) which has the Xhol site 
missing but contains a functional kanamycin gene from Tn903 to allow for efficient selection in Agrobacterium. 
[0073] pCGN1 49a was digested with Bgjll and Sph l. This small Bglll-Sphl fragment of pCGN1 49a was replaced with 
the Bam HI-Sphl fragment from Ml (see below) isolated by digestion with Bam HI and Sph l. This produces pCGN167, 
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a construct containing a full length CaMV promoter, 1 ATG-kanamycln gene, 3' end and the bacterial Tn903-type kan- 
amycin gene. Ml is an EcoRI fragment from pCGN546X (see construction of pCGN587) and was cloned into the EcoRI 
. cloning site of M13mp9 In such a way that the Pstl site In the 1 ATG-kanamycln gene was proximal to the poJyllnker . 
region of M13mp9. 

5 [0074] The HlndlH- Bam HI fragment in the pCGN167 containing the CaMV-35S promoter, 1 ATG-kanamycln gene 
and the BamHI-fragment 19 of pTiA6 was cloned into the Bam HI-Hindlll sites of pUC19 creating pCGN976. The 35S . 
promoter and 3* region from transcript 7 was developed by inserting a 0.7 kb Hindi ll-EcoRI fragment of pCGN976 (35S 
promoter) and the 0.5 kb EcoRI-Saul fragment of pCGN709 (transcript 7:3) Into the Hindlll-Sall sites of pCGN566 
creating pCGN766c. 

10 [0075] The 0.7 kb HindlH-EcoRI fragment of pCGN766c (CaMV-35S promoter) was ligated to the 1 .5 kb EcoRI-Sall 
fragment in pCGN726c (1ATG-KAN 3' region) followed by Insertion into the Hindlll-Sall sites of pUC119 to produce 
pCGN778. The 2.2 kb region of pCGN778, Hindlll-Sall fragment containing the CaMV-355 promoter and 1 ATG-KAN- 
3* region was used to replace the Hindlll-Sall linker region of pCGN739 to produce pCGN783. 

. 1* Transfer of the Binary Vector pCGN948 Into Agrobacterium 

[0076] pCGN948 was introduced into Agrobacterium tumefaciens EHA101 (Hood et al., J. Bacterlol. (1986) 168 : 
1291-1301) by transformation. An overnight 2 ml culture of EHA101 was grown in MG/L broth at 30°C. 0.5 ml was 
, ■ inoculated into 100 ml of MG/L broth (Garfinkel and Nester, J. Bacteriol. (1980) 144:732-743) and grown In a shaking 

20 incubator for 5 h at 30°C. The cells were pelleted by centrifugation at 7K, resuspended In 1 ml of MG/L broth and 
placed on Ice. Approximately, 1 ug of pCGN948 DNA was placed in 100 u.l of MG/L broth to which 200 \i\ of the EHA101 
suspension was added; the tube containing the DNA-cell mix was Immediately placed Into a dry ice/ethanol bath for 5 
minutes. The tube was quick thawed by 5 minutes in 37°C water bath followed by 2 h of shaking at 30°C after adding 
1 ml of fresh MG/L medium. The cells were pelleted and spread onto MG/L plates (1.5% agar) containing 100 mg/i 

25 gentamicin. PlasmkJ DNA was isolated from individual gentamicin -resistant colonies, transformed back Into E. coll, 
and characterized by restriction enzyme analysis to verify that the gentamicln-reslstant EH A1 01 contained Intact copies 
of pCGN948. Single colonies are picked and purified by two more streakings on MG/L plates containing 100 mg/l 
gentamicin. 

30 Transformation and Regeneration of B. Napus 

[0077] Seeds of Brasslca napus cv Westar were soaked In 95% ethanol for 4 minutes. They were sterilized In 1% 
solution of sodium hypochlorite with 50 uJ of Tween 20" surfactant per 1 00 ml sterilent solution. After soaking for 45 
minutes, seeds were rinsed 4 times with sterile distilled water. They were planted in sterile plastic boxes 7 cm wide, 7 

35 cm long, and 10 cm high (Magenta) containing 50 ml of 1/1 0th concentration of MS (Murashige minimal organlcs 
medium, Gibco) with added pyridoxine (500 ug/l), nicotinic acid (50 uig/l), glycine (200 \iq/\) and solidified with 0.6% 
agar. The seeds germinated and were grown at 22°C in a 1 6h-8h light-dark cycle with light Intensity approximately 65 
u,Em- 2 s* 1 . After 5 days the seedlings were taken under sterile conditions and the hypocotyls excised and cut into pieces 
of about 4 mm in length. The hypocotyl segments were placed on a feeder plate or without the feeder layer on top of 

.40 a filter paper on the soldified B5 0/1/1 or B5 0/1/0 medium. B5 0/1/0 medium contains B5 salts and vitamins (Gamborg, 
Miller and Ojima, Experimental Cell Res. (1968) 50:151-158), 3% sucrose, 2,4-dichlorophenoxyacetic acid (1.0 mg/l), 
pH adjusted to 5.8, and the medium is solidifed with 0.6% Phytagar; B5 0/1/1 Is the same with the addition of 1 .0 mg/ 
I kinetin. Feeder plates were prepared 24 hours in advance by pipetting 1 .0 ml of a stationary phase tobacco suspension 
culture (maintained as described in Fillatti et al., Molecular General Genetics (1987) 206:192-199) onto B5 0/1/0 or B5 

45 0/1/1 medium. Hypocotyl segments were cut and placed on feeder plates 24 hours prior to Agrobacterium treatment 
[0078] Agrobacterium tumefaciens (strain EHA1 01 x 948) was prepared by incubating a single colony of Agrobac- 
terium in MG/L broth at 30°C. Bacteria were harvested 1 6 hours later and dilutions of 10 8 bacteria per ml were prepared 
In MG/L broth. Hypocotyl segments were inoculated with bacteria by placing the segments In an Agrobacterium sus- 
pension and allowing them to sit for 30-60 minutes, then removing and transferring to Petri plates containing B5 071/1 

so or 0/1/0 medium (0/1/1 intends 1 mg/l 2,4-D and 1 mg/l kinetin and 0/1/0 Intends no kinetin). The plates were incubated 
In low light at 22°C. The co-incubation of bacteria with the hypocotyl segments took place for 24-48 hours. The hypocotyl 
segments were removed and placed on B5 0/1/1 or 0/1/0 containing 500 mg/l carbenlcillin (kanamycin sulfate at 10, 
25, or 50 mg/l was sometimes added at this time) for 7 days in continuous light (approximately 65 hEitv 2 S- 1 ) at 22°C. 
The segments were transferred to B5 salts medium containing 1% sucrose, 3 mg/l be nzy (amino purine (BAP) and 1 

55 mg/l zeatin. This was supplemented with 500 mg/l carbenlcillin, 10, 25, or 50 mg/l kanamycin sulfate, and solidified 
with 0.6% Phytagar (Gibco). Thereafter, explants were transferred to fresh medium every two weeks. 
[0079] After one month green shoots developed from green calll which were selected on media containing kan- 
amyicln. Shoots continued to develop for three months. The shoots were cut from the call! when they were at least 1 
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cm high and placed on B5 medium with 1 % sucrose, no added growth substances, 300 mg/l carbenclllin, and solidified 
with 0.6% phytagar. The shoots continued to grow and several leaves were removed to test for neomycin phospho- 
transferase II (NPTU) activity. Shoots which were positive for NPTII activity were placed In Magenta boxes containing 
B5 0/1/1 medium with 1% sucrose, 2 mg/l indolebutyrlc acid, 200 mg/l carbenicillln, and solidified with 0.6% Phytagar. 
5 After a few weeks the shoots developed roots and were transferred to soil. The plants were grown In a growth chamber 
at 22°C in a 16-8 hours light-dark cycle with light Intensity 220 uEnrV 1 and after several weeks were transferred to, 
the greenhouse. 

Southern Data 

10 

[0080] Regenerated B. napus plants from cocultlvatlons of Agrobacterium tumefaciens EHA1 01 containing pCGN948 ; 
and B. napus hypocotyls were examined for proper Integration and embryo-specific express ton of the spinach leaf 
ACP gene. Southern analysis was performed using DNA isolated from leaves of regenerated plants by the method of 
Dellaportaetal., (Plant Mol. Biol. Rep. (1 983) 1 :1 9-21 ) and purified once by banding in CsCI. DNA (10 ug) was digested 

is with the restriction enzyme EcoRI, electrophoresed on a 0.7% agarose gel and blotted to nitrocellulose (see Manlatls 
et af., (1982) supra .). Blots were probed with pCGN945 DNA containing 1.8 kb of the spinach ACP sequence or with 
the EcoRI/ Hind III fragment isolated from pCGN936c (made by transferring the Hindi ll/EcoRI fragment of pCGN930 
into pCGN566) containing the napin 5' sequences labeled with ^P-dCTP by nick translation (described by the manu- 
facturer, BRL Nick Translation Reagent Kit, Bethesda Research Laboratories, Gaithersburg, MD). Blots were prehy- 

20 bridlzed and hybridized in 50% formamide, 10x Denhardfs 5xSSC, 0.1% SDS, 5 mM EDTA, 100 ug/ml calf thymus 
DNA and 10% dextran sulfate (hybridization only) at 42°C. (Reagents described In Manlatls et al., (1982) supra .) 
Washes were in 1 xSSC, 0.1% SDS, 30 min and twice In 0.1 xSSC, 0.1% SDS at 55°C. 

[0081] Autoradiograms showed two bands of approximately 3.3 and 3.2 kb hybridized In the Eco RI digests of DNA 
from four plants when probed with the ACP gene (pCGN945) indicating proper integration of the spinach leaf ACP 
25 construct In the plant genome since 3.3 and 3.2 kb EcoRI fragments are present in the T-DNA region of pCGN948. 
The gene construct was present In single or multiple loci In the different plants as judged by the number of plant DNA- 
construct DNA border fragments detected when probed with the napin 5' sequences. 

Northern Data 

so 

[0082] Expression of the integrated spinach leaf ACP gene from the naptn promoter was detected by Northern anal- 
ysis in seeds but not leaves of one of the transformed plants shown to contain the construct DNA. Developing seeds 
were collected from the transformed plant 21 days post-anthesis. Embryos were dissected from the seeds and frozen 
in liquid nitrogen. Total RNA was isolated from the seed embryos and from leaves of the transformed plant by the 

35 method of Crouch et al ., 1 983, supra, electrophoresed on formaldehyde-containing 1 .5% agarose gels as described 
(Shewmaker et al ., virology (1985) V40:281-288) and blotted to nitrocellulose (Thomas, Proc. Natl. Acad. Scl. USA 
(1980) 77:5201 -5205). Blots were pre hybridized, hybridized, and washed as described above. The probe was an Iso- 
lated Pstt/BamH I fragment from pCGN945 containing only spinach leaf ACP sequences labeled by nick translation. 
[0083] An RNA band of -0.8 kb was detected in embryos but not leaves of the transformed plant indicating seed- 

40 specific expression of the spinach leaf ACP gene. 

Example II 

Construction of B. Campestrls Napin Promoter Cassette 

45 

[0084] A Bglll partial genomic library of B. campestrls DNA was made In the lambda vector Charon 35 using estab- 
lished protocols (Maniatisetal., 1982, supra). The titer of the amplified library was - 1.2 x 10 9 phage/ml. Four hundred 
thousand recombinant bacteriophage were plated at a density of 10 5 per 9 x 9 in. NZY plate (NZYM as described In 
Manlatls et al., 1982, supra) in NZY + 10 mM MgS0 4 + 0.9% agarose after adsorption to DH1 E. cdl cells (Hanahan, 

so Mol. Biol. (1983) 166:557) for 20 mln at 37°C. Plates were Incubated at 37°C for -13 hours, cooled at 4°C for 2.5 
hours and the phage were lifted onto Gene Screen Plus (New England Nuclear) by laying precut filters over the plates 
for approximately 1 mln and peeling them off. The adsorbed phage DNA was immobilized by floating the filter on 1.5 
M NaCI, 0.5 M NaOH for 1 min., neutralizing in 1.5 M NaCI, 0.5 M Tris-HCI, pH 8.0 for 2 min and 2XSSC for 3 min. 
Filters were air dried until Just damp, prehybrldized and hybridized at 42 °C as described for Southern analysis, niters 

55 were probed for napin-containlng clones using an Xhol/Sall fragment of the cDNA clone BE5 which was Isolated from 
the B. campestris seed cDNA library described using the probe pN1 (Crouch et al., 1983, supra). Three plaques were 
hybridized strongly on duplicate filters and were plaque purified as described (Maniatiset al., 1982, supra). 
[0085] One of the clones named lambda CGN1-2 was restriction mapped and the napin gene was localized to over- 
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lapping 2.7 kb Xhol and 2.1 kb Sail restriction fragments. The two fragments were subcloned from lambda CGN1-2 
DNA into pCGN789 (a pUC based vector the same as pUC119 with the normal polyiinker replaced by the synthetic 
. linker - 5 1 GGAATTCGTCGACAGATCTCTGCAGCTCGAGGGATCCAAGCTT 3' - (which represents the polyiinker . 
EcoRI, Sai l, Bgl ll, Pst l, Xho l, Bam Hi, Hindlll). The Identity of the subclones as napln was confirmed by sequencing. 
s The entire coding region sequence as well as extensive 5* upstream and 3* downstream sequences were determined 
(Figure 2). The lambda CGN1-2 napin gene is that encoding the mRNA corresponding to the BE5 cDNA as determined 
by the exact match of their nucleotide sequences. 

[0086] An expression cassette was constructed from the 5'-end and the 3'-end of the lambda CGN1-2 napin gene 
as follows In an analogous manner to the construction of pCGN944. The majority of the napln coding region of pCGN940 

10 was deleted by digestion with Sail and religation to form pCGN1800. Single-stranded DNA from pCGN1 800 was used 
in an in vitro mutagenesis reaction (Adelman et a]., DNA (1983) 2:183-193) using the synthetic oligonucleotide 
GCTTG TTCGCCATGGATATCTTCTGTATGTTC 3'. This oligonucleotide inserted an EcoRV and an Noo1 restriction 
site at the junction of the promoter region and the ATG start codon of the napln gene. An appropriate mutant was 
Identified by hybridization to the oligonucleotide used for the mutagenesis and sequence analysis and named 

15 pCGN1801. 

[0087] A 1 .7 kb promoter fragment was subcloned from pCGN1 801 by partial digestion with EcoRV and ligation to 
pCGN786 (a pCGN566 chloramphenicol based vector with the synthetic linker described above in place of the normal 
polyiinker) cut with EcoRI and blunted by fill## resulting expression cassette, pCGN1803 contains 1.725 kb of napln 
promoter sequence, and 1.265 kb of napin 3" sequences with the unique cloning sites Sail , Ba.l t. Pst l, and Xho l In 
20 between. Any sequence that requires seed-specific transcription or expression In Brasslca, La., a fatty acid gene could 
be Inserted In this cassette tn a manner analogous to that described for spinach leaf ACP and the B. napus napln 
cassette in Example I. 

Example III 

25 

[0088] Other seed-specific promoters may be Isolated from genes encoding proteins Involved In seed trlacylglycerol 
synthesis, such as acyl carrier protein from Brasslca seeds. Immature seed were collected from Brasslca campestris 
cv. "R-500," aself-compatible variety of turnip rape. Whole seeds were collected at stages corresponding approximately 
to 14 to 28 days after flowering. RNA isolation and preparation of a cDNA bank was as described above for the isolation 

30 of a spinach ACP cDNA clone except that the vector used was pCGN565. To probe the cDNA bank, the oligonucleotide 
(5')-ACTTTCTCAACTGTCTCTGGTTTAGCAGC-{3') was synthesized using an Applied Biosystems DNA Synthesizer, 
model 380A, according to manufacturer's recommendations. This synthetic DNA molecule will hybridize at low strin- 
gencies to DNA or RNA sequences coding for the amino acid sequence (ala-ala-lys-pro-glu-thr-val-glu-lys-val). This 
amino acid sequence has been reported for ACP isolated from seeds of Brassica napus (Slabas et al., 7th International 

35 Symposium of the Structure and Function of Plant Lipids, University of California, Davis, CA, 1986); ACP from B. 
campestris seed is highly homologous. Approximately 2200 different cDNA clones were analyzed using a colony hy- 
bridization technique (Taub and Thompson, Anal. Blochem. (1982) 126:222-230) and hybridization conditions corre- 
sponding to Wood et al., (Proc. Natl. Acad. Scl. (1 985) 82:1 585-1 588). DNA sequence analysis of two cDNA clones 
showing obvious hybridization to the oligonucleotide probe indicated that one, designated pCGN1 Bcs, indeed coded 

*o for an ACP-precursor protein by the considerable homology of the encoded amino acid sequence with ACP proteins 
described from Brassica napus (Slabas et al., 1980 supra). Similarly to Example II, the ACP cDNA clone can be used 
to isolate a genomic clone from which an expression cassette can be fashioned In a manner directly analogous to the 
B. campestris napin cassette. 

45 Other Examples 

[0089] Ninety-six clones from the 1 4-28 day post-anthesis B. campestris seed cDNA library (described in the previous 
example) were screened by dot blot hybridization of minlprep DNA on Gene Screen Plus nylon filters. Probes used 
were radioactively labeled first-strand synthesis cDNAs made from the day 14-28 post-anthesis mRNA or from B. 
so campestris leaf mRNA. Clones which hybridized strongly to seed cDNA and little or not at all to leaf cDNA were cata- 
logued. A number of clones were identified as representing the seed storage protein napin by cross-hybridization with 
an Xhol/Sall fragment of pNI (Crouch et al., 1 983, supra) , a B. campestris genomic clone as a source of an embryo- 
specific promoter. 

[0090] Other seed-specific genes may also serve as useful sources of promoters. cDNa clones of cruclferin, the 
55 other major seed storage protein of B. napus. have been Identified (Simon et al., 1985, supra) and could be used to 
screen a genomic library for promoters. 

[0091] Without knowing their specific functions, yet other cDN A clones can be classified as to their level of expression 
in seed tissues, their timing of expression (i.e., when post-anthesis they are expressed) and their approximate repre- 
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sentation (copy number) in the B. campestris genome. Clones fitting the criteria necessary for expressing genes related 
to fatty acid synthesis or other seed functions can be used to screen a genomic library for genomic clones which contain 
the 5' and 3' regulatory regions necessary for expression. The non-coding regulatory regions can be manipulated to 
make a tissue-specific expression cassette In the general manner described for the napln genes In previous examples. 

5 [0092] . One example of a cDNA clone is EA9. It Is highly expressed In seeds and not leaves from B. campestris. It 
represents a highly abundant mRNA as shown by cross-hybridization of seven other cDNAs from the library by dot 
blot hybridization. Northern blot analysis of mRNA Isolated from day 1 4 seed, and day 21 and 28 post-anthesis embryos 
using a 700 bp EcoRI fragment of EA9 as a probe shows that EA9 Is highly expressed at day 14 and expressed at a 
much lower level at day 21 and day 28. The restriction map of EA9 was determined and the clone sequenced. Identl- 

10 ficatlon of a polyadenylatlon signal and of polyA tails at the 3'-end of EA9 confirms the orientation of the cDNA clone . 
and the direction of transcription of the mRNA. The partial sequence provided here for clone EA9 (Figure 3) can be , 
used to synthesize a probe which will identify a unique class of Brassica seed-specific promoters.. 
[0093] It is evident from the above results, that transcription or expression can be obtained specifically In seeds, so 
as to permit the modulation of phenotype or change in properties of a product of seed, particularly of the embryo, it Is 

15 found that one can use transcriptional initiation, regions associated with the transcription of sequences in seeds In 
conjunction with sequences other than the normal sequence to produce endogenous or exogenous proteins or mod- 
ulate the transcription or expression of nucleic acid sequences. In this manner, seeds can be used to produce novel 
products, to provide for improved protein compositions, to modify the distribution of fatty acid, and the like. 
[0094] All publicatons and patent applications mentioned In this specification are Indicative of the level of skill of 

20 those skilled In the art to which this invention pertains. All publications and patent applications are herein Incorporated 
by reference to the same extent as If each Individual publication or patent application was specifically and Individually 
Indicated to be incorporated by reference. 

25 Claims 

Claims for the following Contracting States : BE, CH, LI, DE, FR, GB, GR, IT, LU, NL, SE 

A DNA construct comprising In the 5* to 3' direction of transcription: 
a napin transcriptional initiation region, joined to 

a DNA sequence of interest other than (i) a DNA sequence encoding napin or (ii) a DNA sequence encoding 
a mammalian protein or peptide or mammalian viral pathogen peptide or protein; and 
a transcription termination region. 

A DNA construct according to claim 1 , wherein said construct further comprises a transiatlonal Initiation region 
positioned downstream of said transcription Initiation region In the 5' to 3' direction. 

A DNA construct according to claim 1 or claim 2, wherein said DNA sequence of Interest is an open reading frame 
encoding an amino acid sequence. 

A DNA construct according to any one of claims 1 to 3 wherein the sequence of transcriptional Initiation region Is 
obtainable from Fig. 1 or Flg.2, and comprises a region of about 300 nucleotides 5' of the ATG translation start 
codon of a napln gene. 

A DNA construct according to any one of the claims 1 to 4 wherein said transcriptional termination region is from 
a gene native to said transcriptional initiation region. 

A DNA construct comprising in the 5' to 3* direction of transcription: 

a napin transcriptional initiation region wherein said napin transcriptional Initiation region Is free from the 
native DNA sequence under the regulatory control of said initiation region, joined to a cloning site, and a transcrip- 
tional termination region; 

provided that said construct does not comprise a DNA sequence encoding a mammalian peptide or protein or 
mammalian viral pathogen peptide or protein operably linked to said napln transcriptional initiation region. 



A DNA construct according to claim 6 wherein a DNA sequence of interest other than the native sequence is 
Inserted into said cloning site. 
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8. A method of modifying the genotype of a plant to impart a desired characteristic to seed as distinct from other plant 
tissues said method comprising: 

transforming a host plant cell under genomic integration conditions with a DNA construct comprising in the 5* 
5 to 3* direction of transcription: 

a seed specific napin transcriptional initiation region, joined to 

a DNA sequence of interest other than (a) a DNA sequence encoding a napin or (b) a DNA sequence 
encoding a mammalian peptide or protein or a mammalian viral pathogen peptide or protein; and 
10 a transcriptional termination region; and 

growing said plant to produce seed. 

9. A method for specifically modifying the phenotype of seed as distinct from other plant tissue, said method com- 
15 prising: ■ 

(i) transforming a host plant cell under genomic Integration conditions with a DNA construct comprising in the 
5* to 3' direction of transcription: 

.20. a seed specific napin transcriptional Initiation region, Joined to 

a DNA sequence of interest other than (a) a DNA sequence encoding napin or (b) a DNA sequence en- 
coding a mammalian peptide or protein or a mammalian viral pathogen peptide or protein; and 
a transcriptional termination region; and 

25 (ii) growing a plant under conditions to produce seed, said plant being comprised of cells capable of developing 

seed tissue and said cells having Integrated In their genome said DNA construct. 

10. A DNA construct comprising In the 5' to 3' direction of transcription: 

30 a seed specific transcriptional initiation region which is from other than the bean phaseolin promoter; 

a DNA sequence other than the natural coding sequence joined to said Initiation region, wherein said sequence 
encodes an acyl carrier protein; and 
a transcriptional termination region. 

35 11. A DNA construct according to claim 1 0 wherein said transcriptional Initiation region Is from a napin gene. 

12. A method for modifying the genotype of a plant to Impart a desired characteristic to seed as distinct from other 
plant tissues said method comprising: 

40 transforming a host plant cell under genomic Integration conditions with a DNA construct comprising In the 5* 

to 3' direction of transcription: 

a seed specific transcriptional Initiation region; . 
a DNA sequence encoding an acyl carrier protein Joined to said Initiation region; 
45 and 

a transcriptional termination region; and . 

growing said plant to produce seed. 

so 13. A method for specifically modifying the phenotype of seed as distinct from other plant tissue, said method com- 
prising: 

(i) transforming a host plant cell under genomic Integration conditions with a DNA construct comprising in the 
5' to 3' direction of transcription: 

55 . 

a seed specific transcriptional initiation region; 

a DNA sequence encoding an acyl carrier protein joined to said initiation region; 
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a transcriptional termination region; and 

(H) growing a plant under conditions to produce seed, said plant being comprised of cells capable of developing 
seed tissue and said cells having Integrated In their genome said DNA construct 

14. A method of modifying the genotype of a plant to Impart a desired characteristic to seed as distinct from other plant 
tissue said method comprising: 

transforming a host plant cell under genomic Integration conditions with a DNA construct as defined In any 
10 one of claims 1 to 7, 10 and 11; 

growing said plant to produce seed. 

15. A method for specifically modifying the phenotype of seed as distinct from other plant tissue, said method com- 
prising: 

15 

. (I) transforming a host plant cell under genomic integration conditions with a DNA according to any one of 
claims 1 to 7, 10 and 11; and 

(ii) growing a plant under conditions to produce seed, said plant being comprised of cells capable of developing 
seed tissue and said celts having integrated in their genome said DNA construct 

20 

16. A method according to any one of claims 8, 9 and 12 to 15 wherein said plant is selected from Brasstea, cotton, 
soybean, saff lower and sunflower. 

17. A vector comprising a DNA construct according to any one of claims 1 to 7, 10 and 1 1 , a prokaryotlc replication 
25 system and a marker for selection of transformed prokaryotes comprising said marker. 

18. A plant cell comprising a DNA construct according to any one of claims 1 to 7, 1 0 and 11 . 

19. A plant cell comprising a DNA construct according to any one of claims 1 to 7, 10 and 11, wherein said cell or seed 
30 is from a plant selected from Brassica, cotton, soybean, saff lower and sunflower. 

Claims for the following Contracting States : AT, ES 

35 1. A method comprising the production of a DNA construct comprising in the 5' to 3' direction of transcription: 
a napin transcriptional Initiation region, Joined to 

a DNA sequence of Interest other than (!) a DNA sequence encoding napin or (ll) a DNA sequence encoding 
a mammalian protein or peptide or mammalian viral pathogen peptide or protein; and 
4o a transcription termination region. 

2. A method according to claim 1 , wherein said construct further comprises a translational initiation region positioned 
downstream of said transcription Initiation region In the 5" to 3' direction. 

45 3. a method according to claim 1 or claim 2, wherein said DNA sequence of interest is an open reading frame encoding 
an amino acid sequence. 

4. A method according to any one of claims 1 to 3 wherein the sequence of transcriptional initiation region Is obtainable 
from Flg.1 or Rg.2, and comprises a region of about 300 nucleotides 5' of the ATG translation start codon of a 

50 napin gene. 

5. A method according to any one of the claims 1 to 4 wherein said transcriptional termination region Is from a gene 
native to said transcriptional initiation region. 

55 6. A method comprising the production of a DNA construct comprising In the 5* to 3' direction of transcription: 

a napin transcriptional initiation region wherein said napin transcriptional initiation region is free from the 
native DNA sequence under the regulatory control of said initiation region, joined to a cloning site, and a transcrip- 
tional termination region; 
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v ^mnrkfi a DNA sequence encoding a mammalian peptide or protein or 

said cloning site. 

tissues said method comprising: 

.^rmlngahostplantcellund^^ 
to 3* direction of transcription: 

aseedspecl.napln^^^^^ 

a DNA sequence encoding a napln or (b) a dina sequent 

a mammalian viral pathogen peptide or protein; and . .. 

a transcriptional termination region; and 

growing said plant to produce seed, 
prising: 

Oiaanstorminge^p,^ 
5 1 to 3' direction of transcription: 

a seed specific naplntranscrlptton^^^^ 

a DNA sequence of Interest other than (a) a ™* ^Ta^ and 
coding a mammalian peptide or protein or a mammalian viral pathogen P p 
a transcriptional termination region; and 

a .eed .pectfc transcript, MMon regfcn 

a ONAsequence other than the natural coding sequence joined to said Maw* g 
encodes an acyl carrier protein; and 
a transcriptional termination region. 
11 A method according * claim 10 therein said transanal initiation region Is from a napin gene. 

^n^iorrr^^ 

plant tissues said method comprising: 

.anafcrmingah^ 
to 3' direction of transcription: 

a seed specific transcriptional Initiation region; 

a DNA sequence encoding an acyl carrier protein joined to said inltiayon reg 
and 

a transcriptional termination region; and 
growing said plant to produce seed. 

prising: 
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(i) transforming a host plant cell under genomic Integration conditions with a DNA construct comprising In the 
5' to 3' direction of transcription: 

a seed specific transcriptional initiation region; 

a DNA sequence encoding an acyl carrier protein joined to said Initiation region; 
and 

a transcriptional termination region; and 

(H) growing a plant under conditions to produce seed, said plant being comprised of cells capable of developing 
seed tissue and said cells having integrated in their genome said DNA construct. 

14. A method of modifying the genotype of a plant to impart a desired characteristic to seed as distinct from other plant 
tissue said method comprising: 

transforming a host plant cell under genomic Integration conditions with a DNA construct as defined In any 
one of claims 1 to 7, 1 0 and 11 ; 
growing said plant to produce seed. 

15. A method for specifically modifying the phenotype of seed as distinct from other plant tissue, said method com- 
prising: 

(i) transforming a host plant cell under genomic integration conditions with a DNA according to any one of 
claims 1 to 7, 1 0 and 11 ; and 

(II) growing a plant under conditions to produce seed, said plant being comprised of cells capable of developing 
seed tissue and said cells having Integrated In their genome said DNA construct 

16. A method according to any one of claims 8, 9 and 12 to 15 wherein said plant Is selected from Brassica, cotton, 
soybean, safflower and sunflower. 

17. A method comprising the production of a vector comprising a DNA construct according to any one of claims 1 to 
7, 10 and 11, a prokaryotlc replication system and a marker for selection of transformed prokaryotes comprising 
said marker. 

18. A method comprising the production of a plant cell or seed involving transformation with a DNA construct according 
to any one of claims 1 to 7, 10 and 11. 

19. A method according to claim 18 wherein said seed is from a plant selected from Brassica, cotton, soybean, safflower 
and sunflower. 



PatentansprOche 

PatentansprOehe fur folgende Vertregsstaaten : BE, CH, U, DE, FR, GB, GR, IT, LU, NL, SE 

1. DNA-Konstrukt, umfassend In der S'-S'-Transkriptlonsrichtung: 

elne Napln-Transkrlptionslnltlatlonsregion, gebunden an 

elne DNA-Sequenz von Interesse, die eine andere 1st als (!) eine DNA-Sequenz, die fOr Napln kodlert, Oder 
(II) elne DNA-Sequenz, die fOr eln Saugetlerproteln Oder -peptid oder vlrales Erreger-Sfiugetlerpeptid oder 
-protein kodlert; und 
eine Transkriptionsterminattonsregion. 

2. DNA-Konstrukt nach Anspruch 1 , worin das Konstrukt welters eine Translatlonslnltlatlonsregion umfasst, dlestrom- 
ab von der Transkriptlonsinitiationsregion In 5'-3'-Rlchtung posltionlert 1st 



3. 



DNA-Konstrukt nach Anspruch 1 oder 2, worin die DNA-Sequenz von Interesse eln offener Leserahmen fst, der. 
fur elne Aminosauresequenz kodiert. 
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4. DNA-Konstrukt nach einem der Anspruche 1 bis 3, worln die Sequenz der Transkriptionsinitlationsregion aus den 
Fig. 1 oder 2 ersichtlich 1st, umfassend elne Region von etwa 300 Nukleotlden 5' vom ATG-Translationsstartcodon 
elnes Napingens. 

5. DNA-Konstrukt nach einem der Anspruche 1 bis 4, worin die Transkriptionsterminationsreglon aus elnem Gen 
stammt, das fur die Transkriptionsinitiationsregion nativ 1st 

6. DNA-Konstrukt, umfassend In 5'-3'-Richtung: 

eineNapin-Transkriptionsinitiatlonsregion, worin die Napin-Transkriptionsinitiationsregion frei von der nativen 
DNA-Sequenz unter der regulatorischen Steuerung der Initiationsregion 1st, gebunden an eine Klonierungs- 
stelle, und eine Transkriptionsterminationsreglon; 

mlt der MaGgabe, dass das Konstrukt keine DNA-Sequenz umfasst, die fur ein Saugetierpeptid oder -protein 
oder virales Erreger-Saugetierpeptid oder -protein kodiert, das mlt der Napin-Transkriptionslnltlatlonsreglon . 
operabel verbunden 1st 

7. DNA-Konstrukt nach Anspruch 6, worin eine andere DNA-Sequenz von Interesse als die Nativsequenz In die 
Klonlerungsstelle insertiert 1st 

8. Verfahren zum Modifizleren des Genotyps einer Pfianze, urn Samen (zum Unterschied von anderen pflanzlichen 
Geweben) elne gewunschte Elgenschaft zu verlelhen, welches Verfahren die folgenden Schrltte umfasst: 

Transformleren einer Pflanzenzelle unter genomlschen Integrattonsbedingungen mit elnem DNA-Konstrukt, 
das in 5'-3'-Transkriptionsrichtung Folgendes umfasst: 

elne samenspezlfische Napln-Transkrlptlonslnltlationsreg ion, gebunden an 

elne DNA-Sequenz von Interesse, die elne andere 1st als (a) elne DNA-Sequenz, die fur ein Napln kodiert, 

oder (b) eine DNA-Sequenz, die fur ein Saugetierpeptid oder -protein oder ein virales Erreger-Saugetier- 

peptid oder -protein kodiert; und 

ein virales Erregerpeptid oder -protein; und 

elne Transkrlptlonstermlnatlonsregion; und 

Zuchten der Pfianze, urn Samen zu erzeugen. 

9. Verfahren zum spezifischen Modifizieren des Phenotyps von Samen (zum Unterschied von andere m Pflanzenge- 
webe), welches Verfahren die folgenden Schritte umfasst 

(I) Transformleren einer Wi rtspf la nzenze lie unter genomlschen Integratlonsbedlngungen mlt elnem DNA-Kon- 
strukt, das In 5'-3'-Transkriptionsrichtung Folgendes umfasst 

eine samenspeziflsche Napin-Transkriptionsinitiationsreglon, gebunden an 

eine DNA-Sequenz von Interesse, die eine andere ist als (a) eine fOr Napin kodierende DNA-Sequenz 
oder (b) eine DNA-Sequenz, die fur ein Saugetierpeptid oder -protein oder ein virales Erreger-Saugetier- . 
peptid oder-protein kodiert; und 
elne Transkrlptlonstermlnationsreglon; und 

(it) Zuchten einer Pfianze unter Bedingungen zur Erzeugung von Samen, wobel die Pfianze aus Zeilen besteht, 
die Samengewebe entwickeln konnen und In ihr Genom das DNA-Konstrukt integriert haben. 

10. DNA-Konstrukt, umfassend in 5'-3*-Transkrtptionsrlchtung: 

eine samenspeziflsche Transkriptionsinitlationsregion, die aus einem anderen als dem Bohnen-Phaseolin- 
Promotor stammt; 

eine DNA-Sequenz, die elne andere als die natGrliche Kodiersequenz ist, gebunden an die Initiationsregion, 
worin die Sequenz fOr ein Acyl-TrSgerproteln kodiert; und 
eine Transkriptlonstermi nations region. 



11. DNA-Konstrukt nach Anspruch 10, worin die Transkriptionsinitiations region aus einem Napingen stammt. 
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12. Verfahren zum Modiflzieren des Genotyps einer Pftanze, um Samen (zum Unterschled von anderen pflanzllchen 
Geweben) eine gewunschte Eigenschaft zu verleihen, welches Verfahren die folgenden Schritte umfasst: 

Transformleren einer Wirtspflanzenzelle unter genomischen Integratlonsbedlngungen mlt elnem DNA-Kon- 
5 strukt, umfassend In 5'-3-Transkriptionsrichtung: 

eine samenspezifische Transkriptionslnltiationsregton; 

eine DNA-Sequenz, die fur eln Acyl-Tragerproteln kodiert, gebunden an die Initiationsreglon; und 
eine Transkriptlonstermlnatlonsreglon; und 
w Zuchten der Pflanze, um Samen zu erzeugen. 

13. Verfahren zumspezifischen Modifizieren des Phenotyps von Samen (zum Unterschiedvon anderem Pflanzenge- 
webe), welches Verfahren die folgenden Schritte umfasst 

is (i) Transformleren einer Wirtspflanzenzelle unter genomischen Integ ratio nsbedingungen mlt elnem DNA-Kon- 

. strukt, das in S'-S'-Transkriptionsrichtung Folgendes umfasst 

eine samenspezifische Transkripttonsinitiationsreglon; 

eine DNA-Sequenz, die fur ein Acyl-Tragerproteln kodiert, gebunden an die Initiationsreglon* und 
20 eine Transkriptionstermlnationsreglon; und 

(il) Zuchten einer Pflanze unter Bedingungen, um Samen zu erzeugen, wobel die Pflanze aus Zellen besteht 
die Samengewebe entwickeln konnen und in ihr Genom ein DNA-Konstrukt integriert haben. . 

25 14. Verfahren zum Modifizieren des Genotyps einer Pflanze, um Samen (zum Unterschled von anderem Pflanzenge- 
webe) eine gewOnschte Eigenschaft zu verleihen, wobel das Verfahren folgende Schritte umfasst: 

Transformleren einer Wirtspflanzenzelle unter genomischen Integrationsbedlngungen mlt eine mDNA-Kon- 
strukt nach elnem der Ansprflche 1 bis 7, 10 und 11 ; 
30 Zuchten der Pflanze, um Samen zu erzeugen. 

15. Verfahren zum spezlflschen Modifizieren des Phenotyps von Samen (zum Unterschiedvon anderem Pflanzenge- 
webe), wobei das Verfahren folgende Schritte umfasst: 

35 (|) Transformieren einer Pflanzenzelle unter genomischen Integrationsbedingungen mlt einer DNA nach elnem . . 

der Anspruche 1 bis 7, 10 und 11; und 

(ii) Zuchten einer Pflanze unter Bedingungen, um Samen zu erzeugen, wobel die Pflanze aus Zellen besteht, 
die Samengewebe entwickeln kBnnen und In Ihr Genom das DNA-Konstrukt Integriert haben. 

Verfahren nach elnem der Anspruche 8, 9 und 12 bis 15, worin die Pflanze aus Brassica, Baumwolle, Sojabohnen, 
Safflor und Sonnenblume ausgew&hlt 1st 

Vektor, umfassend eln DNA-Konstrukt nach einem der Anspruche 1 bis 7, 10 und 11, ein prokaryotlsches Repll- 
kationssystem und elnen Marker fOr die Selektion transforms rter Prokaryoten, die den Marker umfassen. 

Pflanzenzelle, umfassend ein DNA-Konstrukt nach einem der Anspruche 1 bis 7, 10 und 11. 

Pflanzenzelle, umfassend eln DNA-Konstrukt nach einem der AnsprOche 1 bis 7, 10 und 11, worin die Zelle oder 
der Samen aus einer Pflanze stammt, die aus Brassica, Baumwolle, Sojabohnen, Safflor und Sonnenblume aus- 
gewahltbt 

Patentanspruche fur folgende Vertragsstaaten : AT, ES 
55 1. Verfahren zur Produktlon elnes DNA-Konstrukts, umfassend In der 5'-3'-Transkrlptlonsrlchtung: 



eine Napln-Transkriptionsinitiationsregion, gebunden an 

eine DNA-Sequenz von Interesse, die eine andere ist als (i) eine DNA-Sequenz, die fur Napln kodiert, oder 
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(ii) eine DNA-Sequenz, die fur ein Saugetierprotein oder -peptld Oder virales Erreger-Saugetierpeptld Oder 

-protein kodlert; und 

elneTranskriptionsterminationsreglon. 

Verfahren nach Anspruch 1 , worin das Konstrukt welters eine Translationsinitiatlons region umfasst, die stromab 
von der Transkrlptionsinitiationsreglon In 5'-3"-Richtung positioniert 1st 

Verfahren nach Anspruch 1 oder 2, worln die DNA-Sequenz von Interesse ein offener Leserahmen 1st, der fOr eine 
Amlnosauresequenz kodlert. 

Verfahren nach elnem der Anspruche 1 bis 3, worin die Sequenz derTranskrlptionsinitiationsreglon aus den Fig. 
1 oder 2 erslchtlich 1st, umfassend eine Region von etwa 300 Nukleotiden 5' vom ATG-Translationsstartcodon 
eines N aping ens. 

Verfahren nach elnem der AnsprOche 1 bis 4, worln die Transkrlptionsterminatlonsreglon aus elnem Gen stammt, 
das fur die Transkrlptionslnltlatlonsregion natlv 1st 

Verfahren zur Produktlon elnes DNA-Konstrukts, umfassend In 5'-3'-Rlchtung: 

eine Napln-Transkrlptlonslnltiationsreglon, worln die Napln-Transkriptlonslnltlatlonsreglon frel von der nativen 
DNA-Sequenz unter der regutatorischen Steuerung der Inltlatlonsregion 1st, gebunden an eine Klonlerungs- 
stelle, und eine Transkriptlonsterminationsreglon; 

mit der MaBgabe, dass das Konstrukt keine DNA-Sequenz umfasst, die fQr ein Saugetierpeptid oder -protein 
oder virales Erreger-Saugetierpeptid oder -protein kodlert, das mit der Napin-Transkriptlonsinitiationsregton 
operabel verbunden 1st 

Verfahren nach Anspruch 6, worln eine andere DNA-Sequenz von Interesse als die Nath/sequenz In die Klonie- 
rungsste lie Insertlert 1st 

Verfahren zum Modiflzieren des Genotyps einer Pflanze, um Samen (zum Unterschled von anderen pflanzllchen 
Geweben) eine gewQnschte Eigenschaftzu verjeihen, weiches Verfahren die folgenden Schrltte umfasst: 

Transformleren elner Pflanzenzelle unter genomischen Integratlonsbedlngungen mit elnem DNA-Konstrukt, 
das In S'-S'-Transkriptionsrichtung Folgendes umfasst: 

eine samenspezifische Napin-Transkriptionslnitlatlonsreglon, gebunden an 

eine DNA-Sequenz von Interesse, die eine andere 1st als (a) eine DNA-Sequenz, die fOr ein Napln kodlert, 
oder (b) eine DNA-Sequenz, die fQr ein Saugetierpeptid oder -protein oder ein virales Erreger-Saugetler- 
peptid oder -protein kodiert; und 
ein virales Erregerpeptid oder -protein; und 
eine Transkriptionstermlnationsreglon; und 
Zuchten der Pflanze, um Samen zu erzeugen. 

Verfahren zum spezlflschen Modiflzieren des Phenotyps von Samen (zum Unterschled von anderem Pflanzenge- 
webe), welches Verfahren die folgenden Schritte umfasst 

(I) Transformieren einer Wirtspflanzenzelle unter genomischen Integratlonsbedlngungen mit einem DNA-Kon- 
strukt, das In 5'-3'-Transkriptlonsrlchtung Folgendes umfasst 

eine samenspezifische Napln-Transkrlptionslnltlatlonsregion, gebunden an 

eine DNA-Sequenz von Interesse, die eine andere 1st als (a) eine fur Napln kodierende DNA-Sequenz 
oder (b) eine DNA-Sequenz, die fur ein Saugetierpeptid oder -protein oder ein virales Erreger-Saugetler- 
peptid oder -protein kodiert; und 
eine Transkrlptionsterminationsreglon; und 



(il) ZOchten einer Pflanze unter Bedingungen zur Erzeugung von Samen, wobel die Pflanze aus Zellen besteht, 
die Samengewebe entwickeln konnen und in ihr Genom das DNA-Konstrukt integriert haben. 
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10. Verfahrenzur Produktion eines DNA-Konstrukts, umfassend In S-S'-Transkrlptionsrichtung: 

eine samenspezlflsche Transkriptlonslnltlatlonsreglon, die aus elnem anderen als dem Bohnen-Phaseolln- 
Promotor stammt; 

5 . eine DNA-Sequenz, die eine andere als die natOrliche Kodiersequenz 1st. gebunden an die Initiattonsregion, 

worin die Sequenz fur ein Acyl-Tragerprotein kodiert; und 
eine Transkriptionste rmi natio nsregion. 

11. Verfahren nach Anspruch 1 0, worin die Transkriptionsinitiationsreglon aus elnem Naplngen stammt 

10 

12. Verfahren zum Modifizieren des Genotyps einer Pflanze, um Samen (zum Unterschied von anderen pflanzllchen / 
Geweben) eine gewunschte Eigenschaft zu verleihen, welches Verfahren die folgenden Schritte umfasst: 

Transformieren einer Wlrtspflanzenzelle unter genomischen Integrationsbedlngungen mlt elnem DNA-Kon- 
is strukt, umfassend In S'-S'-Transkriptionsrichtung: 

eine samenspezifische Transkriptionsinltlationsregton; 

eine DNA-Sequenz, die fur ein Acyl-Tragerprotein kodiert, gebunden an die Initiationsreglon; und 
eine Transkriptionste rmi natlonsregion; und 
20 ZOchten der Pflanze, um Samen zu erzeugen. 

13. Verfahren zum spezifischen Modifizieren des Phenotyps von Samen (zum Unterschied von anderem Pflanzenge- 
webe), welches Verfahren die folgenden Schritte umfasst 

25 (I) Transformieren einer Wlrtspflanzenzelle unter genomischen Integrationsbedlngungen mlt elnem DNA-Kon- 

strukt, das In 5'-3'-Transkriptionsrichtung Folgendes umfasst 

eine samenspezifische Transkriptionsinitiationsreglon; 

eine DNA-Sequenz, die fQr ein Acyl-Tragerprotein kodiert, gebunden an die Initiationsreglon; und 
30 eine Transkriptionsterminationsreglon; und 

(il) ZOchten einer Pflanze unter Bedingungen, um Samen zu erzeugen, wobei die Pflanze aus Zellen besteht 
die Samengewebe entwickeln konnen und in ihr Genom ein DNA-Konstrukt integriert haben. 

35 14. Verfahren zum Modifizieren des Genotyps einer Pflanze, um Samen (zum Unterschied von anderem Pflanzenge-. 
webe) eine gewunschte Eigenschaft zu verleihen, wobei das Verfahren folgende Schritte umfasst: 

Transformieren einer Wlrtspflanzenzelle unter genomischen Integrationsbedlngungen mit eine mDNA-Kon- 
strukt nach einem der Anspruche 1 bis 7, 10 und 11; 
40 ZOchten der Pflanze, um Samen zu erzeugen. 

15. Verfahren zum spezifischen Modifizieren des Phenotyps von Samen (zum Unterschied von anderem Pflanzenge- 
webe), wobei das Verfahren folgende Schritte umfasst: 

45 (i) Transformieren einer Pflanzenzelle unter genomischen Integratfonsbedingungen mit einer DNA nach elnem 

der Anspruche 1 bis 7, 1 0 und 1 1 ; und 

(ii) ZOchten einer Pflanze unter Bedingungen, um Samen zu erzeugen, wobei die Pflanze aus Zellen besteht, 
die Samengewebe entwickeln kfinnen und in ihr Genom das DNA-Konstrukt Integriert haben. 

so 16. Verfahren nach elnem der Anspruche 8, 9 und 12 bis 15, worin die Pflanze aus Brasslca, Baumwolle, Sojabohnen, 
Safflor und Sonnenblume ausgewahlt 1st 

17. Vektor, umfassend ein DNA-Konstrukt nach einem der AnsprGche 1 bis 7, 10 und 11, ein prokaryotisches Repll- 
kationssystem und einen Marker fur die Selektion transformierter Prokaryoten, die den Marker umfassen. 

55 

18. Verfahren zur Produktion einer Pflanzenzelle Oder von Pflanzensamen, umfassend die Transformation mlt einem 
DNA-Konstrukt nach elnem der AnsprDche 1 bis 7, 10 und 11. 
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19. Verfahren nach Anspruch 18, worin der Samen von einer Pflanze stammt, die aus Brasslca, Baumwolle, Sojaboh- 
nen, Safflor und Sonnenblume ausgewahlt 1st 



Revend (cations 

Revendications pour les Etats contractants sulvanta : BE, CH, U, DE, FR, GB, GR, IT, LU, NL, SE 

1. Construction d'ADN comprenant dans la direction 5* a 3' de transcription : 

une region d'initiatlon de transcription de naplne, Jointe a 

une sequence d'ADN d'interet autre que (i) une sequence d'ADN codant pour la naplne, ou (ii) une sequence 
d'ADN codant pour une proteine mammallenne ou peptide, ou peptide pathogene viral mammallen ou 
• proteine ;et 
une region de termlnaison de transcription. 

2. Construction d'ADN selon la revendication 1 , ou ladrte construction comprend, de plus, une region d'lnltiation de 
traduction placee en aval de ladite region dlnitiation de transcription dans la direction 5' a 3*. 

3. Construction d'ADN selon la revendication 1 ou la revendication 2, oD ladite sequence d'ADN dlnteretest un cadre 
de lecture ouvert codant pour une sequence d'acides amines. 

4. Construction d'ADN seton I'une quelconque des revendications 1 a 3, oD la sequence de la region d'lnltiation de 
transcription peut etre obtenue de la figure 1 ou de la figure 2, et comprend une region d'envlron 300 nucleotides 
a 5' du codon de debut de traduction ATG d'un gene de naplne. 

5. Construction d'ADN selon I'une quelconque des revendications 1 a 4, ou ladite region de terminalson de trans- 
cription est d'un gene natif a ladite region d'initiatlon de transcription. 

6. Construction d'ADN comprenant dans la direction 5' a 3* de transcription : 

une region d'initiation de transcription de naplne ou ladite region dlnitiation de transcription de naplne est 
exempte de la sequence d'ADN native sous le contr6le de regulation de ladite region d'initiatlon, jointe a un site 
de clonage et une region de terminalson de transcription ; 

a condition que ladite construction ne comprenne pas une sequence d'ADN codant pour un peptide mammallen 
ou proteine ou un peptide pathogene viral mammalien ou proteine, operativement enchatne a ladite region d'ini- 
tiatlon de transcription de la naplne. 

7. Construction d'ADN selon la revendication 6, ou une sequence d'ADN dlnteret autre que la sequence native est 
inseree dans ledit site de clonage. 

8. Methode de modification du genotype d'une plante pour impartir une caracteristique souhaitee a la graine, distincte 
d'autres tissus de plante, ladite methode comprenant : 

la transformation d'une cellule d'une plante h6te en conditions d'integration genomique avec une construction 
d'ADN comprenant dans ta direction 5' a 3' de transcription : 

une region dlnitiation de transcription de naplne speclfique de la graine, jointe a 
une sequence d'ADN d'lnterSt autre que (a) une sequence d'ADN codant pour une naplne ou (b) une 
sequence d'ADN codant pour un peptide mammalien ou proteine, ou un peptide pathogene viral mam- 
malien ou proteine ; et 

une region de termlnaison de transcription ; et 
la crolssance de ladite plante produlre une graine. 

9. Methode pour modifier specifiquement le phenotype d'une graine distincte d'un autre tissu de plante, ladite me- 
thode comprenant : 
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(!) la transformation d'une cellule de plante h6te en conditions d'lntegratlon genomlque avec une construction 
d'ADN comprenant dans la direction 5' a 3* de transcription : 

une region dlnitiation de transcription de la naplne specifique de la graine, jolnte a 
une sequence d'ADN d'interSt autre que (a) une sequence d'ADN codant pour la naplne ou (b) une s6- ' 
quence d'ADN codant pour un peptide mammalien ou proteine, ou un peptide pathogene viral mammallen 
ou proteine ; et 

une region de termlnalson de transcription ; et 

(il) la croissance de ladite plante dans des conditions pour produire une graine, ladite plante se composant 
de cellules capables de developper du tissu de graine, les lesdites cellules ayant, integree dans leur genome, , 
ladite construction d'ADN. 

10. Construction d'ADN comprenant dans ia direction 5' a 3' de transcription : 

une region d'initlatlon de transcription specifique de la graine qui est d'autres que le promoteur de phaseoline 
du haricot ; 

une sequence d'ADN autre que la sequence codante naturelle jointe a ladite region d'lnltiatlon, ou ladite se- 
quence code pour une proteine porteuse d'acyle ; et 
une region de termlnalson de transcription. 

11. Construction d'ADN sebn la revendication 10, ou ladite region dlnitiation de transcription est d'un gene de naplne. 

12. Methode pour modifier le genotype d'une plante pour impartir une caracterlstlque souhaitee a une graine distincte 
d'autres tissus de plante, ladite methode comprenant : 

la transformation d'une cellule de plante hfite en conditions d'int6gratlon genomlque avec une construction 
d'ADN comprenant dans la direction 5' a 3' de transcription : 

une region d'initiation de transcription de napine specifique de la graine ; 

une sequence d'ADN codant pour une proteine porteuse d'acyle jolnte a ladite region dlnitiation ; et 
une region de terminaison de transcription ; et la croissance de ladite ptante produire une graine. 

13. Methode pour modifier specifique ment le phenotype d'une graine distincte d'autres tissus de plante, ladite methode 
comprenant: 

(I) la transformation d'une cellule d'une plante note en conditions d'lntegratlon genomlque avec une construe- . 
tlon d'ADN comprenant dans la direction 5' a 3' de transcription : . 

une region dlnitiation de transcription specifique de la graine ; 

une sequence d'ADN codant pour une proteine porteuse d'acyle jointe a ladite region dlnitiation ; et 
une region de terminaison de transcription ; et 

(II) la croissance d'une plante dans des conditions pour produire une graine, ladite plante se composant de 
cellules capables de developper le tissu de la graine, et lesdites cellules ayant, integree dans leur genome, 
ladite construction d'ADN. 

1 4. M6thode de modification du genotype d'une plante pour impartir une caracteristique souhaitee a la graine, distincte 
d'un autre tissu de la plante, ladite methode comprenant : 

la transformation d'une cellule de plante h6te en conditions d'integration genomique avec une construction 
d'ADN telle que definie dans I'une quelconque des revendicatlons 1 a 7, 10 et 11 ; 
la croissance de ladite plante pour produire une graine. 

15. Methode pour modifier specif iquement le phenotype d'une graine distincte d'un autre tissu de la plante, ladite 
methode comprenant : 

(i) la transformation d'une cellule de plante hdte en conditions ^integration genomique avec un ADN selon 
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Tune quelconque des revendications 1 A 7, 10 et 11 ; et 

(il) la croissance d'une plante dans des conditions pour produlre une graine, ladlte plante se composant de 
cellules capables de developper le tlssu de la graine, et lesdites cellules ayant, Integree dans leur genome, 
. . ladlte construction d'ADN. 

5 

16. Methode selon I'une quelconque des revendications 8, 9 et 12 a 15, oD ladite plante est selectlonnee parmi Bras- . 
sica, coton, soja, carthame et tournesol. 

17. Vecteurcomprenant une construction d'ADN selon I'une quelconque des revendications 1 a7, 10et 11, unsysteme 
io de replication procariote et un marqueur pour la selection des procariotes transformes comprenant ledlt marqueur. 

18. Cellule de plante comprenant une construction d'ADN selon I'une quelconque des revendications 1 a 7, 10 et 11 . 

19. Cellule de plante comprenant une construction d'ADN selon I'une quelconque des revendications 1 a 7, 1 0 et 1 1 , 
. 15 oil ladite cellule ou graine est d'une plante selectlonnee parmi Brasslca, coton, soja, carthame et tournesol. 

Revendications pour les Etats contra eta nts sulvants : AT, ES 

20 1, Methode comprenant la production d'une construction d'ADN comprenant dans la direction 5' a 3' de transcription : 
une region d'initiation de transcription de naplne, jointe a 

une s§quence d'ADN d'interSt autre que (i) une sequence d'ADN codant pour la napine, ou (II) une sequence 
d'ADN codant pour une proteine mammalienne ou peptide, ou peptide pathogene viral mammalien ou . 
25 proteine ;et 

' une region de terminalson de transcription. 

2. Methode selon la revendlcation 1, oil ladite construction comp rend, de plus, une region d'inltiation de traduction 
. placee en aval de ladite region d'initiation de transcription dans la direction 5' a 3*. 

30 

3. Methode selon la revendlcation 1 ou 2, oil ladite sequence d'ADN dlnteret est un cadre de lecture ouvert codant 
pour une sequence d'acides amines. 

4. Methode selon I'une quelconque des revendications 1 a 3, oil la sequence de la region d'inltiation de transcription 
85 peut etre obtenue de la figure 1 ou de la figure 2, et comprend une region d'environ 300 nucleotides a 5' du codon 

de debut de traduction ATG d'un gene de napine. 

5. Methode selon I'une quelconque des revendications 1 a 4, ou ladite region de terminalson de transcription est d'un 
gene natif a ladlte region d'initiation de transcription. 

40 

6. Methode comprenant la production d'une construction d'ADN comprenant dans la direction 5' a 3' de transcription : 

une region d'initiation de transcription de napine oil ladite region d'initiation de transcription de napine est 
exempte de la sequence d'ADN native sous le contr6le de regulation de ladlte region d'initiation, jolnte a un site 
de clonage et une region de terminalson de transcription ; 
45 & condition que ladite construction ne comprenne pas une sequence d'ADN codant pour un peptide mammalien 

ou proteine ou un peptide pathogene viral mammalien ou proteine, operative ment enchafne a ladite region d'ini- 
tiation de transcription de la napine. 

7. Methode selon la revendlcation 6, ou une sequence d'ADN d'lnteret autre que la sequence native est Ins6ree dans 
so ledlt site de clonage. 

8. Methode de modification du genotype d'une plante pour impartir une caracteristique souhaitee a la graine, distjnete 
d'autres tissus de plante, ladite methode comprenant : 

55. la transformation d'une cellule d'une plante h6te en conditions d'integratlon genomlque avec une construction 

d'ADN comprenant dans la direction 5' a 3' de transcription : 



une region dlnitiation de transcription de napine sp6cifique de la graine jointe a 



EP 0 255 378 B2 

une sequence d'ADN d'interet autre que (a) une sequence d'ADN codant pour une naplne ou (bj una 
sequence d'ADN codant pour un peptide mammalten ou proteine, ou un peptide pathogene viral, marri- 
mallen. ou protelne ; et 

une region de termlnaison de transcription ; et 
la croissance de ladite plante produire une gralne. 

9. MSthode pour modifier specifiquement le phenotype d'une gralne dlstlncte d'un autre tissu de plante, ladite me- 
thode comprenant : 

(i) la transformation d'une cellule de plante note en conditions d'integratlon genomique avec une construction 
d'ADN comprenant dans la direction 5* a 3' de transcription : 

une region dlnitlatlon de transcription de la naplne specifique de la gralne Jolnte a 
une sequence d'ADN d'interet autre que (a) une sequence d'ADN codant pour la naplne ou (b) une se- 
quence d'ADN codant pour un peptide mammalienou protelne, ouun peptide pathogene viral, mammallen 
ou protelne ; et 

une region de terminalson de transcription ; et 

(11) la croissance de ladite plante dans des conditions pour produire une gralne, ladite plante se composant 
de cellules capables de developper du tissu de gralne, les lesdites cellules ayant, Integree dans leur genome, 
ladite construction d'ADN. 

10. MSthode comprenant la production d'une construction d'ADN comprenant dans la direction 5" a 3'de transcription : 

une region d'lnltlation de transcription specifique de la gralne qui est d'autres que le promoteur de phaseollne 
du haricot ; 

une sequence d'ADN autre que la sequence codante naturelle jolnte a ladite region d'lnitlatlon, ou ladite se- 
quence code pour une proteine porteuse d'acyle ; et 
une region de terminaison de transcription. 

11. Methode selon la revendicatlon 10, ou ladite region dlnltiation de transcription est d'un gene de napine. 

1 2. Methode pour modifier le genotype d'une plante pour Impartir une caracteristique souhaitee a une graine dlstlncte 
d'autres tissus de plante, ladite methode comprenant : 

la transformation d'une cellule de plante hote en conditions d'integratlon genomique avec une construction 
d'ADN comprenant dans la direction 5' a 3' de transcription : 

une region dlnltiation de transcription de naplne specifique de la gralne ; 

une sequence d'ADN codant pour une proteine porteuse d'acyle jointe a ladite region dlnltiation ; et 
une region de terminaison de transcription ; et 

la croissance de ladite plante produire une graine. 

13. Methode pour modifier specifiquement le phenotype d'une graine distincte d'autres tissus de plante, ladite methode 
comprenant : 

(I) la transformation d'une cellule d'une plante h6te en conditions d'integratlon genomique avec une construc- 
tion d'ADN comprenant dans la direction 5' a 3' de transcription : 

une region dlnitiation de transcription specifique de la gralne ; 

une sequence d'ADN codant pour une proteine porteuse d'acyle jointe a ladite region dlnitiation ; et 
une region de terminaison de transcription ; et 

(II) la croissance d'une plante dans des conditions pour produire une gralne, ladite plante se composant de 
cellules capables de developper le tissu de la graine, et lesdites cellules ayant, integree dans leur g£nome, 
ladite construction d'ADN. 
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1 4. Methode de modification du genotype d'une plante pour impartir une caracterlstlque souhaitee a la gralne, distincte 
d'un autre tissu de la plante, ladite methode comprenant : 

la transformation d'une cellule de plante hfite en conditions d'integration genomlque avec une construction 
5 d'ADN telle que definie dans I'une quelconque des revendications 1 a 7, 10 et 11 ; 

la croissance de ladite plante pour produire une graine. 

Methode pour modifier specifiquement le phenotype d'une graine distincte d'un autre tissu de la plante, ladite . 
methode comprenant : 

(i) la transformation d'une cellule de plante h6te en conditions d'integration genomique avec un ADN sebn 
I'une quelconque des revendications 1 a 7, 10 et 11 ; et 

(ii) ia croissance d'une plante dans des conditions pour produire une graine, ladite plante se composant de 
cellules capables de developper le tissu de la graine, et lesdltes cellules ayant, tntegree dans leur genome, 
ladite construction d'ADN. . 

16. Methode selon I'une quelconque des revendications 8, 9 et 12 a 1 5, oD ladite plante est selectionnee parmi Bras- 
sica, coton, soja, carthame et tournesol. 

20 17. M§thode comprenant la production d'un vecteur comprenant une construction d'ADN selon I'une quelconque des 
revendications 1 a 7, 1 0 et 1 1 , un systeme de replication procarbte et un marqueur pour la selection des procariotes 
transformes comprenant ledit marqueur. 

18. Methode comprenant la production d'une cellule de plante ou graine impliquant la transformation avec une cons- 
zs truction d'ADN selon I'une quelconque des revendications 1 a 7, 10 et 11. 




19. Methode selon la revendlcation 1 8, ou ladite graine provlent d'une plante selectionnee parmi Brasslca, coton, soja, 
carthame et tournesol. 
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HAP-270 Lia«ar tKfGTS - 702 ' 

TokX MAftZIZ. MboII 

1 AAAGGGATG7G7C7TGGTATG7A7C7ACGAG7AACAAAAGAGAAGA7GCAA77GAG7AG7AGAA3GATT79 
t» 31 55 

31 

AluX AhtXXI TokX IcoJW Kgtl 

72 AGACC77774 3 AAGCC3 4 7 CA 5 G7 G7G7GC77T 4 A7CT I A? TGA7A7CA7C CA77 4 GCG7TG777AATGC5 1 
76 62 108 117 130 

DdeX 

143 7C777AGA7A7C777C7G777CT77C7CAG7G7C7GAA7A?C76A7AACTCCAA7G7GAGAAAGCCACA::C 2 

TaqI 

BipX filnfX 

214 AAACCAAAAIAT7CAAA7C77A7A77777AA7AATGICCAA7CAC7CGGAGT7GCCXCC7TC7GTGCCMT 2 
224 233 
231 

HinfX KboXZ IcoAI 

213 T6TeCTGAMCTATCACACTAAAAAAAACAT?7CT7CAMGTM^ 3 
232 310 351 

. «i#IX . 

338 5CA75AAG77777A77TTrTGAAG7TTAAG777T7ACC77C77T77T«U^AAA7A7CG77CA7AAGATG7C 4 

424 

flphl 

SctFX NUXXX K»p(7524)X 
ZCORZX AluX StaSIl K1HXX KM XXX 

427 ACGCCAGGACA7GA^7ACACAICACA7AT7AGCA7GC^A7GCGGACGA7TTG7CACTCAC77CAAACAC 4 
430 442 457 464 480 

432 440 464 

464 



FIGURE 1 
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SapX KnaCX 
SphX Mm: 
TthlllXX Vd%X Nip(7524)I MaelX 

MuX AvaXXI MleXXX AfllXI BpnX lUaXXX 

II II I I I 1 1 I I I 

. 499 CTMAACACCTICTCTCTCACACCACACACACAIXTCCXTCCWTXTTTACACCICATC5CCATCCAXAIC 5 
507 332 839 341 338 363 

501 331 339 330 

539 353 
543 531 

HphX HnlX 

■69 TCCAI TCf CACCT AT AAATTAGAGGCTCSGCTTCACl TTXTACTCAAACCAAAACT CAT CACT ACAAAACA 6 
569 563 

. . KboXX AluX . MftlX 

640 TACACAAl^CCGAACAACCTCTTCCTCSTCTCCGCAACTCTCSCCTTCTTCTTCCTTCTCAC 702 
633 659 679 

SXTt [NAJ-270] I Q 



Partial ■■quenca of the promoter region of tha XBnNa nap In 
gene. The start (atg) of the open reading frane ie undarlinad. 
Unccnf irmad or ambiguoue nucliotidea in the sequence art 
daaignated by nuinbere. 
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NCG-186 Linear LENGTH - 02S 

Xhot 

Tart RlndXZZ 
Av*f AlttZ TaqI 

1 CICGAGGCAGICACTAACATGAAGTTTGACGAGCAGCCCW 69 

2 82 66 

3 50 

2 

8aeZ • 

Bhai xbal Aiul 
10 XCTCTWinSMCCfiTfiCCCTCT^CTACACCAXtTAGJ^TTCXTCGXGCTCTXXMSTTQCTCSCTOI 138 

» » "!« 

Nd«X Hd*l 

139 TTTCTTSTTCATXTCXTIX^CTTCTAAACT»CT6TATAXMXT?CTCTCAAX6TCCTXCT5TT55CATA 20? 

150 206 

208 TGTAGGTTG5GCAAAAACGAGGAMAT?GC7?e?CAA7TTGGAAGAGGA7GAA 276 



StuSAX 
DdtX 

277 TAACAA7AGCCAGTCCTGCTAC7CAAXGGA7C7CAGTC7A?AACGGTCCTCGTCCCATGAAACAGAGG , I 349 

301 

308 

IcoRV 

346 AAAACATTTTTTGCATATACACITTGAAACTTCCTCACXAACTGTGtAATCTTTTGGTAGATATCACTA 414 

408 



FIGDRE 2 
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Hinex: 
HhtX 
HfttXXI 

• DdtX 

8»tEIX 

Btll HoIXX AluX 

Itl II 
413 CAATGTCGGAG&CACAA3 WCTCMNCANCATXTXCXW^0GGXXATCXXfiATGaCCTrTlCATTX5C2Q 4 63 

439 419 491 

438 

439 

439 
.440 
438 

AluX Hintt 
464 T5TACCATCAGCAOWAATCTCTCGCCXCTCATCATCCATKTGQAACTWATTCACnCTCAA5TITA 552 
496 535 

KipX 

RpaXX HinfX 

553 TCAfiTTSTCACCWTCTTCCTACACAAOOTAATAAICAfiTTCAASCAATTAACAATCAATTIGATTTet 621 

564 106 
564 

DdftX 

623 RG7AAACTAASAACAACTTACCTTAT2TTTTCCCCGCACCACTGCAT1ATCCAACAATCCCAAAACAAC 690 
629 



AluX AluX AlttX 
691 TACTATATMCCTCCATAGCTCGnCAGATAACGGGAGCTCTTTAGTXGTXATGTCAAAAGGTTAGXGT 759 



702 710 729 . - 

731 

760 TTASTGAATAAXAAACTTATACCACAAAGTCTTCAlTGACTTATTXATATACTTGTtGTGAATIGCXAS 826 



DdtX HlnfX 

62 9 G AA C TAC XTATT CTCAGC AG? CATAC AAAG7 GA GT 5ACTCAT tTCCGT TCAAGTG 0A7 AAATAAGAAAT 697 
642 668 



FIGURE 2 



30 



EP 0 255 378 B2 



XmnZ TtqZ ' . 

E9fl CGW5AACATTnCX5GT>ACCTCCATCACWCT5CTC0TAA7C5XTCGGCTGlCCTWiTCTCCXC« 968 
909 961 

6tu3AZ 
Sell 

86"? ACICTCGCTTCTCIGATCAC5TAGGTTITTGTCTCTTATXGTCTCGTCXTTTTATTTTCCCCTGATMT 10 19 

911 
991 

Alul JUil . . 

1036 C-rAATATGATKXXCtCTGCGTTGTGXXXGGTGSTGGXGCTTGXCTTTTTGTACCCAXGCGMGGGXTAC 1104 

1074 1087 

StuSAZ AlttX 

1103 ATAGGAGGT«5GAGAA7GGG7A7ASAA7AACA7CAA7G«CAGCAACTGCGGATCAAGCArc 1173 

1159 1165 

SCAX 

Hiftfl Ml 
I I 
1174 TAAGCATACCAAAGCG?AAGATGGTGGATGAAAC?CAAGAGACTC?CCGCACCACCGCCT77CCAAGTA 1242 

1215 1242 
; . . 1242 

Alul 9«u3AX Dd»: 

12 43 CTCAtGTCAAGGTTGCTTTCTTTAGCTTTGAACACAGATTTGGATClIIMGTTTlGTTTCCATATACT 1311 
1268 1289 1311 

DdlX 

AvaXX AluX Hlntt M4l 

1 312 7ASGACCTGAGA0C7TTIGG7?GA7TTT3777?CAGGACAAA7GGGCGAAGAATCTG?ACA??GCA?CA 1380 

1319 1329 1353 1370 

1319 

13B1 A7MGC7A7CGCAGflACAG7CTGC7GA7ACACAC77AAGCA7CATG7G5AAAGCCAAAGACAAX7CCAG 1448 
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BinfX 
Ddfti • 

1430 CCAfiACICACCGTCCTCATAATACCAAICAMCACCTMAACCAGACSCAACCTCITICCITGAATCIA 1518 

1436 
1454 

JU»X 

1519 A?GAM6SSATGTGTC?TGGtXTG?ATS?ACGXA?AACAAAACA6MCA?CGAA?7AGTASTAGAAATA 1307 
. 194t 

AlttX lCO«V 
15 B B TTTGGGAGCTWTIAAGCCCITCAAGTGTGCTITTTATCTTATTCAIATCATCCATTTGCGTTGTTIAA 1636 
1396 1635 

Xbal D<UI 
1657 SGCGTCTCTAGATATGTTCCTATATCttTCtCACTGTCTGATAAGTGAAATGTGAGAAAACCATACCAA 1725 
1664 1667 

BinfX 

1726 ACCAAAA7AtTCAAATCTTAITTTTAATAA7GTlGAATCACTCGGAGTTGCCACCTTCTG?GCCAATTG 1794 

1761 

BinfX BcoM 
1793 TGClGAAICTATCACACTAGAAAAAAACATTTCTTCAAGGTAAtGACTTGIGCACTATGTTCXGAATTC 18 6 J 
1600 1656 

1664 tcattaagtttttattitctgaagtttaagiwitacctxctgitxxgaaatataicgxxcataagaxg 1932 



sphl 

BttNl AlvZ S4U3AX 

1933 TCACGCCAGGACATGAGCTACACATCGCACA1AGCATGCAGAXCAGGACGATXTG7CACTCAC77CAAA 2001 

1940 1930 1973 

1971 
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SphI 

Dd»t AIuZ ghtl KdftZ Wtil S*u3AX 

2002 CACCSJkACAGOTCICtCTCACAGCG^CACACATATGCATGC^ 2010. 

2006 2012 2C2B 2056 2042 2056 

2044 

2071 ATCTCCATTCTCACCTATWWTTXGXWCTCWCTTCJ^ 213 * 



AlttX . 

2140 CAACATACAOJUttGGCGAAWAGCTCTTCWCCTCTCGGCAACTO 22 Ot 

KETA:*AinIy»LcuPh«UuValS«rAliThrLtuAlAL«uf hflFhtLaULeuThr 
2164 

T*« NttX 
Sail HtpZ 
BineZZ 8p*II 
AecX AceX H*»riX 

I ill II I 

2209 J^TGCCTCCCTClXCAGCACCCl'TCTCCAAGTCCACOAXCATGATGCCACAAATCCACCCCCCCCATTT 22T7 
AtftAIaS«V«l^rArgThsV»lVAlGluValA^GluA»pAfp 

" 223I 4 2261 

2240 2261 
2241 2260 

BlndXXX 

Binfr AlttX 

227 B ACGATTCCAAAATtnASCAACGACTtTCAGCAACCACAACACCTCAAAOCTTCCCAACAATCGClCCAC 2346 
Xr9lljProly»CyiXr S ly»GluIhtGlnGlrJatGlnHiit«uLyfAlaCyt51nGlnT*pL«uHti 

2325 

MipX Av*XX 
Kpall AvalX AZuX T&qX . 
I I II I 

2347 AAGCAGGWTGCAGTCCWTAGTGGTCCAAGC'rGGACCCrCCATGGTGAGTTTGATTTTGAACACGAC 2413 ' 
LyiGlrJU4lffiIGlfiS«rGlyS»rGljP«Stx^ 

2364 2362 
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K»«XXX Stel 

Ap«I a&tIZZ Aiul 

II I II 

2416 G7GG AG AACCAACAACAGGGC CCGCAGCAGAGGCCAC CGC7GCTCCAGCAGTGCTGCAACGAGC7CCAC 2464 
. ValGluA«nGlnGlnGlnGlyProGlnGlnArgPse7roLtuI««uGlnGlnCytCyiA*nGluL«uaii 
2436 2449 2479 

2436 24B1 

aatvx Binfx 

248S CAGGAAG AGCCAC7T7GC GT7TGCCCAACC77G AAAC GAGCA7CC AAAGCCG7TAAACAACAGA7TCGA 2553 
GlnGluGluProUuCyiVtlCys7ro7hrl«uLyiGlyAa.tS«rLysAlAV*lLy»GlnGlnIl«Arg 

2351 

2SS4 CAACAACAGGGACAACAAATGCAGGGACAGCAGATGCAGCAAGTGATTAGCCGTATCIACCAGACCGCT 2622 
GlnGlnGlnGlyGlnGlnK£TGXnGJyGlnGlnKC7GXnGl.nVftlil«s»rAxgXl«7yrGlnThiAU 

AlUl BiWI 

2623 ACCC*C7TXCCTAGAGCTT^AACATCAGGCAAGT7^GCATTTGCCCCTTCCAGAAGACCATGCCTGGQ 2691 
ThrHiiL«uproAx9AlaCj»A*nIl«ArgGlnv»lS«rXltCyiJeol , h»GlnlytThrKETP*oGlj 

HipX 

RptXX XhoX 
flacXXX TtqX 

Ap«x ainf x av«x AceX 

2492 CCtGGC7TCTACTAGA7TCCAAACGAA7ATCCTCGAGAG7G7G7A7ACCACGGTGATA7GAGTG7SGTt 2760 
»roGlyPhe7yr , 

2«9« 2707 2724 2736 

2692 2729 
2694 2724 
2694 

HlncXX R*iX 
2761 677GATG7A7G7TAACAC7ACA7AG7CA7GG7GTG7G77CCA7AAATAA7G7AC7AA7G7AA7AAGAAC 2629 
2771 2613 

ACOX. 

2830 TACrCCG7AGACGGTAATAAAAGAGAAG777T7777777AC7CT7GC7ACTTTCC7ATAAAG7GA7GAI 2696 
2836 
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'• set: 

. ftatX 

2699 7 ^^XACMC^TACACC>J^ACAXXXCXATI>A5 CTATA1 TCfcCAASGAAGCAGTACTAGTCrX ATT GAA 2981 

■'- 2994 ■ 
2954 . 

Sau3At ■ 

29$6 CXTCTCAGATTTTCTTTT5CTAAATCTCTAXtIAACCCTTCAASCCIACICXTaXtAXAWMCXTCCA 3036 

3026 

6au3M ' 6au3A2 ' 

Banux BiafX Bell 

3C37 A?GGGAlCCA*CAAAcic2C>JtfrtC7GGlT7TW 3103 ; 

3041 3033 3069 

3041 3069 

BlnfX • 

3106 TTATGCAAGTG"TCTTT?ATT?GGtGWGACTCTTTAGAAGCA^GAACCACA^^ 31?4 

3135. 

3115 ACAAAGWCAOTTTTAACATTTCTTATTSACTTATTCTCArTTSAAAAATATAfiTATCATATTAAtATA 3243 



3244 GTTTTATTTAT*TAATGCTTCTCTATTCAAGAlTTSAGAACATTAXTATGAIACTfiTCCACATATCC*A 3312 



MdtZ 

313 aA*IATTAAGTTICAITTCTGTTCAAACATATGATAAGATGGICAAATGATTATGAGTTrTGTTA:iTAC 3391 
3341 

TaqX SauSAI 
AlttX Rial 

338 2 C?GAAGAAAAGATJaCTGAGC7?CGAGT?7CTGAA^GGTACG?GATC¥7CATTTC7?GGC?AAAAGCGA 3490 

3402 3421 
3403 3429 

3451 ATATGACATCACCtAGACAAAGCCGATAATAGTAAAC3CTCTTCTTGGT7TTTCGITTAAICAAACCGA 3519 
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M»pX 

Hipl Dd«I HpitX 
HpiII MUX Nd»X Hinfl^ 

3320 ACCCCTXCCTCACTCTCAAGTCASauvACATCCCAAACCATATCTCMTTCG7TACATTCCCC0TTrAA 3388 

3322 3328 3360 3376 

3322 3328 3381 

3581 . 

H$pl 
*P»XI 

3589 CTTGTAAACCGCTATTTCATTTGGTCAAMCCCTAOAAGCCAOCCA^^ 3657 

3391 
3398 

HinfX 
BincXX 
DdaX BitMX 

3638 AACGACAAGTCACCACACCTCTCCACTAAAACCCTGAACM^^ 3726 

3702 3111 
3713 
3714 

3727- CAAATAAAACCCGAAGATGAGACCACCACGTCCGGCGGGAGGraAGGGGACGGGG^ 3783 



Alul AV.XX 

3796 CGGCGG3MNTT7GS7GCCGGCCGCGCACGTTT70GTGGCGGCG07GGACGT7TTGGTGGCGGCGGTGGA 3864 

3804 3863 
3601 

IcoRV Av*XX »d«X 

3B6S CCTTTGGTGGTGGA1ATCGTGACGAAGGACWCCCACTGAAGTCAT1GG7XCGTTTACTCT7TTCT7AC 3833 
3860 3632 3930 
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**qX fiindlll ; 

Hinfl XluX Od«X 

II M I 

3934 TCGAATCTTMTCTTGCTCTBCTCGTICTTTTXCC6AIAAAI5CTTAX5AC51TATT6MJAAST5CTCA 4002 



3937 
3933 



3976 
3974 



4000 



Ddil 



4C71 



4004 



4023 



4039 



4069 



BinfX 

4072 CCXCTTTTCTIAGATTCATCTTTtoGTTTlAG^ 
4095 

KlncXX 

4141 XCXACSTTAXCTKCTTCCnXTWCASXXGTTOCGACCTTXCICCATGCTTGTGWSOTGXTCCTCTC 4209 
4146 



XvaXX XluX Dd«X 6»u3AX 
4210 CXCCXXOCrCWTCAGGCGXXGXTCCCXXXCrrCXXTGCCCCXXTCTXCTTfiG 



4279 



42X0 4217 4222 



4231 



nqx 
sax 
p*tx 

HindXXX ElAeXX 
9tu3xx xxux Xcci icexx 

4279 TGCSXXXCTTGXTGXGATCCXXGCTTGGGCTGCXGGTCGXCGXXnC 4325 



4294 



4302 
4300 



4316 4321 
4314 
4313 
4315 
4316 
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EA5-14 Linear LENGTH - 416 

BcrK 

HatZZZ 
HpaXX 

CauXX HttlX HpaXX Nip 

1 CCAACCCSGTTACAXTTGCAATACCGGCACGAfiATATTWTTCCCAXTTCTATTCCTCCSGTGTSTTCASC 
J *1 99 71 

1 

MmaX MbeX 
Mbcl BiBXIX 
B?nX Gdill 

•wax Bell MaaXXX c*rl »pnz 

72 GGAGAATCCACMCTCATCTTGATCACGGGGTAXCTGCGGTTGGATACGGCCCATCTAAAWVCGCATTAAA 1¥ = 
« 93 102 120 126 

•3 120 
93 122 
M 124 
120 

XhoXX NlaXV 
flcaX KlaXV Nltlll 

. J 1 *** m rinx mux 

*"X DpnX ZcoftX Avail m it KfaoZ 

BinX BaraHX BinX Mnlx AiuX MaaXX DpftX Bin: tee 

143 GJACTGJATCCTC^GAAWCATGGGGW Jt3 
fii 19 I-. 163 :!! 188 202 201 213 

KB 167 HI 

14a 151 ir> 
14B 170 

NlaXXX MaT 



214 TCAAGCCTAAACACGSACAATCTCGTCITCCCATG^ 

249 2S9 

fc, - B4 5P? N»p (7324)1 

BpaXZ ^ Ala j Blnfl NlaXXX 

283 AATATCCGGTTAAGCTmGAAZAjaiGK^ 35» 

"1 299 338 341 

349 
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SfaKX 

336 SAAXTCSTMCtTTArSTCATCCAJUU^^ 41f 



Partial eequence of B. campeitrit teed cDNA £A9 eufficient 
to Identify a genomic clone containing a promoter. The poly- 
adenylatien signal JLATMA it underlined at ere the polyA telle. 
The t top codon o£ the pre turned open raading frame it doubU underlined 



FIGURE 3 



39 



